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PREFACE 


This book is the outgrowth of the author's experience 
in operating power plants and in teaching power plant engin- 
eering to students in mechanical, electrical and chemical 
engineering. The principal portion of the material is con- 
fined to steam power plants and is presented in what the 
author has found to be a logical sequence, beginning with a 
study of load curves and power plant economics and progress- 
ing through vapor cycles and a detailed examination of the 
fundamental principles of the various plant components. - 
Chapters are added, as a matter of interest, on the subjects 
of the economics of load division and Diesel-electric, hydro 
-electric and gas turbine power plants. No attempt is made 
to treat the subject of power plant wiring, as this subject 
properly belongs to the field of the electrical engineer. 

The presentation of the material in this book is based 
on the assumption that it will be presented as a one-semes- 
ter course, and that the student is familiar with the funda- 
mentals of engineering thermodynamics. The author prefers 
the project method of presentation of problems to the student 
because he has found that the method has the advantage of 
making it possible to integrate the problems into a whole 
which has meaning to the student. Examples are given in the 
text in sufficient quantity and detail to guide the student 
in the execution of the projects. Only one series of pro- 
jects IS given in the text as an aid to the instructor in 
preparing additional projects from materials out of his own 
experience. 

In order to hew to the line of fundamentals, it has been 
found necessary to say little about the minor details of de- 
sign and operation, because these only serve to obscure the 
job at hand, which is to give a broad picture of power plant 
engineering in a limited time. It is expected that the in- 
structor will make free use of visual aids, such as motion 
pictures and plant inspection trips, to supplement and clar- 
ify tjie presentation in the text. A bibliography of select- 
ed referenced is given at the end of each chapter for the 
benefit of those students who would delve more deeply into 
this extremely important and intensely interesting subject. 
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FUMDAMENTALS OF POWER PLANT ENGINEERING 


CHAPTER I 
INTRODUCTION 


I, It is the function of the power plant engineer to 
specify the equipment for the production of power at the low- 
est possible cost per unit. This function requires the un- 
derstanding of the fundamentals of power plant engineering 
from the standpoint of mechanical design as well as from the 
standpoint of economics. The word specify should be care- 
fully noted. It is the function of the specialist in equip- 
ment design to supply machinery which will fit the specif- 
ications of the power plant engineer. Obviously, if the 
power plant engineer does not have a thorough knowledge of 
the possibilities and limitations of the machinery with which 
he is dealing, he cannot make workable recommendations. 

Growth of Power Generation in the United Stetes--Un- 

til Thom.as A. Edison built the Pearl Street Station for the 
New York Edison Company in 1880, very little power was pro- 
duced in the form of electricity. Most of the irstalled 
power machinery was in the fern, of steam engines of various 
specialized types in mills and mines. Some hydro power was 
utilized in mills located at the sites of the water wheels. 

Before the turn of the century, the largest and most 
efficient steam power plants were found on ships. At about 
this time, hov/ever, the large central steam— e lectric station 
became a necessity and it was not long before these stations 
surpassed the marine po?/er plant in both size and efficiency. 

The growth of the power industry in the United States 
has been phenomenal. A study by the Twentieth Century Fund 
has shown conclusively that the rise in our standard of liv- 
ing has paralleled the rise in the utilization of power. 
Figures I-l through 1-3 show som.e important data on the growth 
of the power industry in the United States and the increase 
in our standard of living during the same period, with an 
extension of the electric production and instal]ed capacity 
curves to 1960 to correspond with the Twentieth Century Fund’s 
predictions . 

3. Improvement in Thermal Efficiency of Steam Power 

P I ent 8--Examination of the data on growth of the power indus^ 
try is not sufficient to show the contributions of the engin- 
eer. The engineer’s contribution has been the continual im- 
provement in thermal efficiency of the power plant. Figure 
1-4 shows this improvement in terms of British thermal units 



2 


FUMOAMENTALS OF POWER PLAHT ENGINEERING 



Year 


Fl«. I-l. Production of oloctrlc on^rfy by typ* of 
p r i m 0 movor. 1920 - 1900, 

per kilowatt-hour for plants in the United States. It will 
be seen that the rate of improvement has apparently reached 
a minimum, and truly it seems that it is impossible to fur- 
ther improve our steam power cycles. The end of the engin- 
eer's contribution is not yet in sight, however. Binary 
vapor cycles have been proven practicable and thermal eff- 
iciency improvements up to 50 per cent will be seen in the 
not— t oo-dis tant future. Power from nuclear fission may some- 
day become economical when cheaper sources of energy become 
exhausted or so scarce as to be more valuable as raw mater- 
ials for chemical syntheses . 

4. Progress in Hydro and Internal Combustion Power--Fig— 
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ure I-l showed that the larger part of the nation power 
production has been obtained from steam power plants, and it 
is likely that such a relation will continue so long as fuels 
are easily obtainable. Hydro plants at present provide 
slightly more than half as much power as steam plants, and 
they are not likely to improve their relative position very 
much in the future due to the decreasing availability of 
suitable dam sites. A good example of maximum utilization 
of hydro power possibilities is to be seen in the irstal]- 
ations of the Tennessee Valley Authority which has 26 dams 
in the more than 1000 miles of the Tennessee River and its 
tributaries. The TVA, as well as any other well designed 
hydro system, makes use of steam power plants as auxiliary 
power sources during the annual dry season. 

In Figure I-l, internal combustion engine plants have 
been included with steam plants because the power produced 
by the internal combustion engine plants is somewhat less 
than one per cent of the total production. It must not be 
concluded, however, that the internal combustion engine plant 



1880 1900 1920 1 940 i960 

Year 

(r.4«r.l F.w.r C.-.i-.i.n) 


Fig. 1-2* Installed capacity of ganaratlng planta. 

I8t9 - 1960. 
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1909 1919 1929 1940 1960 1960 

Year 

<T««nk|«tk Cvntury Fund) 

Fit. 1-3. Standard of living in th« United States. 

1909 . 1960. 

is insignificant, because there are locations where condit- 
ions are such that steam power plants would be impractical. 
As a general rule, where the total load is less than about 
7,500 kilowatts the Diese 1— generator plant will be found to 
be most economical. 

5. Power Systems--Due to the fact that larger power 
plants can produce power more cheaply than small plants, we 
have the central station rather than individual power plants 
for each consumer. The problem of supplying power to the 
consumer from the central station gives rise to a rather 
complicated system of transmission and distribution lines. 
Figure 1—5 shows the elements of a power system which in- 
cludes a power plant and a primary and secondary distribu- 
tion system. The secondary distribution system is always 
existent in any power system, but the primary distribution 
(sometimes called transmission) system may or may not be 
present depending upon the distance between the power plant 
and the area which it is to serve. The complexity of the 
secondary distribution system depends upon the types and 
sizes of the loads served. Figure 1-6 shows a schematic 
wiring diagram for a typical power system with the various 
voltages used in present practice. The voltages selected 
for a particular system will depend largely on the distances 
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1920 22 24 26 28 30 32 34 36 38 40 42 44 

Year 

Fif. 1-4. Plant ha«t rata, Btu par kwh, for plants in tika 
Unltad Statat* 1930 • 2944* 

to be covered and the type of load* to be supplied. 

6. Public Utility Or gan i z at i on *■-- At the present time in 
the United States there are three classes of utility busi- 
nesses : 

1. Private utilities. 

2. Municipal utilities. 

3. Pederai utilities. 


Gener- 

ator 


Volt- 

age 


High Tension 
Transmission 


Voltage 


Sub sta . 
Secondary 


Voltage 


Servicre 


Voltage 




Power Plant I Primary Pistr.l Secondary Distr, 


Cus 


System 


System 


Sys 


Fig. 1-5. A typical poaar systan. 


1 ti 


Public utility” is tha ganaric ter« for utilltlaa of all 
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Secondary Fist. Customer 


Power Plant 




Primary 
Eist . 
System 


Kilovolts 
2.3 12.0 

6.6 13.2 

11.0 13.8 

22.0 


Kilovolts 
12.2 44.0 

13.8 66.0 

22.0 110.0 
33.0 132.0 


System 


System 


Fig. 1-6. Wiring diagram 



t y p i c 


Private utilities are almost always incorporated and are 
usually a part of a very complex organization called a hold- 
ing company. Briefly, the holding company owns all or a 
majority of the common stock of a number of subsidiary power 
companies, known as operating companies. The common stock 
of the holding company is usually held by the public, but a 
few individuals may hold sufficient of the common stock to 
exert ’effective control of the whole holding company system. 
Ordinarily the common stock in any corporation amounts to 
only 40 to 50 per cent of the capitalization, therefore it 
is possible by pyramiding through sub-holding companies for 
a few individuals to control huge enterprises. This is not 
to say that the holding company system is undesirable from 
the theoretical point of view, because it is possible to ef- 
fect great economies in equipment purchasing and in the fur- 
nishing of engineering services with an organization of this 
type. The Public Utilities Holding Company Act of 1934 was 
intended to break up these large aggregations of power com- 
panies, and It has had some success to date with several 
which had been in particularly vulnerable positions due to 
mismanagement. 

Municipal utilities are Operated by municipal governing 
bodies for the benefit of the citizens of the municipality. 
Financing is obtained by the sale of either bonds or revenue 
certificates. Revenue certificates encumber only the future 
income of the system and usually do not require a property 
owners referendum for their authorization. Municipal utility 
financing lately has been largely accomplished with revenue 
certificates . 
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Federal utilities do not usually sell power directly to 
the consumers but wholesale it to municipalities, private 
utilities and rural electrification cooperatives. State 
governments are compensated for loss of tax revenues by pay- 
ments in lieu of taxes which would have been collected from 
the former owners of lands which have been permanently 
flooded by storage reservoirs which are necessary for most 
hydroelectric plants. These payments are sometimes claimed 
to be inadequate by the States which receive them. 

BIBLIOGRAPHY 
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CHAPTER II 


LOAD CURVES 


7, j Before an attempt is made to design any type of power 
plant, whether a new installation (quite rare) or an extensio 
to existing facilities, it is necessary to make an exhaustive 
analysis of the load which the plant is to serve. This 
analysis must take into account the various types of loads, 
their probable roaxinum demands and their geographic location 
in relation to the plant. Other items for consideration 
would include a decision as to the relative priority for 
maintenance of service during an emergency and prevision for 
future growth of load. 

6. Oemantf and 0 i vers i ty--Consideration of the probleni of 
providing adequate plant capacity for a given situation will 
show that in very few cases will it be necessary to provide 
capacity to serve every electrical device in the system at 
the same time. Engineers have developed two statistical fac- 
tors to deal with this fact: the demand factor and the di- 
versity factor. 

Demand factor expresses as a fraction the probability 
that any one customer will require full rated power for any 
particular class of service at any given moment, or during 
any given period of time. The periods of time are not stand- 
ardized, but usually are taken as fifteen or thirty minutes. 
Expressed as an equation, the demand factor is the maximum 
load demand in kilowatts during a given period for a partic- 
ular class of service divided by the total rated load in 
kilowatts for the same class of service, or 

actual maximum demand in kw 

f = 

^ total connected load in kw 


Diver^sity factor expresses as a fraction the probability 
that any number of Customers will require the maximum demand 
for a particular class of service at the same moment. Ex- 
pressed as an equation, the diversity factor is the ratio of 
the maximum demand in kilowatts for a class of service, meas- 
ured at the point of supply, to the sum of the individual 
customers' maximum demands in kilowatts for the same class of 
service, or 


f 


d 


maximum demand in kw at point of supply 


! 


2 individual maximum demands in kw 
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Table I gives the generally accepted demand and diversity 
factors for a number of classes of service. 


TABLE I 

DEMAND FACTORS 

Residence Lighting 


0.50 

Commercial Lighting 

General commercial lighting 


0.60 

Restaurants, stores, offices 


0.70 

Theaters 


0.60 

Schools and churches 


0.55 

Hotels 


0.50 

Hospitals 


0.45 

Warehouses 


0.4C 

General Power Service 

Less than 10 hp 


0.75 

10 to 20 hp 


0.65 

20 to 100 hp 


0.55 

Over 100 hp 


0.60 

DIVERSITY FACTORS 

Between Between 

Between Between 

Cus t . Trans . 

Fdrs . 

Substa . 

Residence Lighting 0.30 0.75 

0.85 

0.90 

CommiCrcial Lighting 0.70 0,75 

0.85 

0.90 

General Power 0.70 0.75 

0 .85 

0.90 


Example 1 shows the use of^eiuAni and diversity factors 
in the determination of the capacity of the various compon- 
ents of an elementary power system such as is shown in Fig- 
ure II-l. 


Example I. 

fX^ower plant supplies energy to a town through a pri~ 
mary^^B tribution system consisting of a transmission line 
and three substations. Substation A serves a residential 
district through two feeders and five transforirers*. Sub- 
station B serves a commercial district through two feeders 
and five transformers; and substation C serves an industrial 
district through three feeders and four transformers. In- 
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n t. II«1. Elementary pdmer •yatem. 


dividual customer connected loads are as follows (Refer to 
Figure II-l): 


a * 

3 kw 

J • 

If 

kw 

(theater ) 

t . 

10 hp 

b . 

2 kw 

k. 

20 

kw 

(restaurant ) 

u . 

60 hp 

c . 

5 kw 

1. 

17 

kw 

(store ) 

V . 

36 hp 

d . 

4 kw 

m . 

2f 

kw 

(warehouse ) 

w , 

2 hp 

e . 

6 kw 

n . 

30 

kw 

(school ) 

X. 

100 hp 

f . 

7 kw 

0 . 

26 

.kw 

(hospital ) 

y. 

40 hp 

g . 

6 kw 

P. 

16 

kw 

(office ) 

z . 

60 hp 

h. 

10 kw 

q. 

le 

kw 

(store ) 



i . 

6 kw 

r . 

36 

kw 

(store ) 





s . 

40 

kw 

(hotel ) 




Determine the rating of each transformer^ feeder, sub- 
station, transmission line section; and the probable maxi- 
mum demand on the power plant. 

Solution': 


1. Determine the probable maximum kilowatt demand for 
each customer by applying the d-ma^naf actor appropriate for 
each case, as follows': 


a. 

3(C.f)=1.5 

kw 

J . 

1P(0.6C)= 9.0 

kw 

t . 

10(0. 65K0. 746) 

+ o.eo = 6.1 kw 

b . 

2(G.6)=1.0 

kw 

k. 

20(0.70)=14.0 

kw 

u . 

50(0. F5)(0. 746) 

+ 0.80 = 26.7 kw 

c . 

5(C.F)=2.S 

kw 

1. 

17(0.70)=11.9 

kw 

V . 

36(0. E6)(C. 746) 

+ 0.8C = 18.0 kw 

d . 

4(0.e)=2.0 

kw 

. . 

25(0,40)=10.C 

kw 

w . 

2(0.76)(0.746) 

+ 0.8C = 1.4 kw 
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e . 

6(0.f)=3.0 

kw 

n . 

30(0.65)=16.5 

kw 

X. 100(0.55) (0.746) 

+ 0.80 = 51.3 kw 

f . 

7(0.5)=3.5 

kw 

0 . 

26(0.45)=11.7 

kw 

y. 40(0.55) (C .746) 

^ 0.80 = 20.5 kw 


5(C.5)=2.5 

kw 

P- 

15(0.70)=10.5 

kw 

z. 60(0.50 (0.746) 

+ 0.80 = 30.8 kw 

h. 

10(0.5)>=f .r 

kw 

q- 

18(0.70)=12.6 

kw 

Note; Motor eff- 

i . 

8(0.E>=4.0 

kw 

r . 

35(0.70 =24.5 

kw 

iciency estimated at 


80 per cent. 

s . 40(0.50) =20. C kw 


2. Determine the kilowatt rating of each transformer 
by applying the appropriate diversity factor for consumers, 
as follows': 

1. (1.5 4 1.0)(0.30)=0.75 kw 8. (16 . 5411 .7 ) (0. 70)=19 .8 kw 

2. (2.5 4 2.0)(0.30)=1.35 kw 9. (lO. 5412 .6 ) (C. 70 )=ie .2 kw 

3. (3.0 4 S.5)(0.30)=1.95 kw 10. (24 . 5420 .0) (0. 70)=31 .2 kw 

4. (2.5)(no div.) =2.50 kw 11. (6.1 425 . 7) (0. 7C)=22 . 2 kw 

5. (5.0 4 4.0) (0.30)=2.70 kw 12. (18.04 1 .4) (0.70)=13.6 kw 

6. (9.C 414.0)(0.70)=16.1 kw 13. (51 . 3) (no di v . ) =51.3 kw 

7. (11.941C.0)(0.70)=15.3 kw 14. (20. 5430 .8 ) (0. 70) =35 .9 kw 

3. Determine the kilowatt rating of each feeder by 
applying the diversity factor for transformers, as follows. 


r. (0.75 4 1.35)(0.75) = 1.58 kw 

E. (1.95 4 2.50 4 2.70)(C.7E) = 5.36 kw 
E. (16.1 4 15.3)(0.75) •= 23.6 kw 

G. (19.8 4 16.2 4 31.2)(0.7E) = 50.4 kw 

H. (22.2 4 1?.6)(0.75) • = 26.8 kw 

I. (51.3)(nc div.) = 51.3 kw 

J. (?5.9)(no div.) = 35.9 kw 

4. Determire the kilowatt rating of each substation 
by applying the diversity factor for feeders, as follows: 

A. (1.58 4 E.36)(0.85) = 5.9 kw 

B. (23.6 4 60.4)(0.8f) = 63 kw 

C. (26.8 4 51.3 4 35 .9)(0. 85) = 97 kw 


5. Determine the proballe maximum demand on the power 
plant by apf lying the diversity factor for substations, as 
follows : 

(5.9 4 63 4 97) (0.90) = 149 kw 


It will be obvious from the preceedlng analysis that 
the rating of any component of the system will never be less 
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than the probable maximum demand of the largest compcrert 
served by it. For example, transformer 1 would of necess- 
ity have a rating of l.F kw in spite of the mathematics 
which indicates that the rating is 0.75 kw . However, as 
the size of the system increases, the behavior of the sys- 
tem approaches the statistical ideal and these irration- 
alities disappear. y 

^9 . Load Curves--The foregoing discussion of demand and 
diversity factors indicates that a constant load cannot be 
expected for any actual power plant. This indication is 
found to be true, and furthermore, it has also been found to 
be true that systems serving approximately the same classes 
of loads anywhere will have approximately the same type of 
load curves. For example, industrial plant load will show 
flat-topped curves with sharp drops at the time of shift 
changes and at meal times. Utility plant loads will show a 
minimum during the night; a minor and somewhat flat— topped 
peak during the morning; a sharp drop at noon; and a sharp 
peak in the early evening.^ These characteristics are shown 



Time 

Fit* II-2. Typical daily'load curv« fo’r industrial plant. 





MNS69N369 MN 

AM PM 

Time 


(Florida F®w«r * Light C®,) 
Fig, 11-3, Typical daily load curve for public utility. 

in ^^igures 11—2 and II— 3. Load curves of these types can 
easily be synthesized if the character and size of the loads 
of various classes along with the time of their demands are 
known . 

/"Other types of load curves can be drawn in addition to 
the daily load curves. For example^ the daily maximum loads 
may be plotted to give an annual peak load curve. This type 
of curve is useful in deciding upon the best time during the 
year for scheduling major plant maintenance operations. The 
yearly maximum loads may be plotted to give a load growth 
curve. This type of curve will give information as to when 
it .will be necessary to increase plant capacity. These two 
types of curves are used most frequently with the public 
utility plant because electric power is the primary product. 
The industrial plant will make use of similar curves with 
units of production^ such as tons of steel, for ordinates 
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rather than kilowatts of load. In the ordinary industrial 
plant power is not a salable commodity. There are cases, 
however, where industrial plznts have arranged to sell power 
to public utilities, and vice versa, when the peaks in the 
two types of operations do not coincidef. Figures II-4 and 
II-5 show typical annual peak and load 'growth curves for a 
public utility. 



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 

Month 


Fig. II-4. Annual p««k load curve for public utility. 

The daily lead curve or the annual peak load curve may 
be plotted in a form known as the load duration curve. This 
curve is plotted with time units as abscissa and load as ord~ 
unate, such that any point on the curve gives the total time 
for which the particular lead was in demand. Figure II-6 
shows a typical daily load duration curve for a public util- 
ity. It will be noted that since power output is the product 
of load and time, the area under the load duration curve is 
the same as under the load curve . 

Example 2 shows the method ot synthesis of a daily load 
curve for the elementary power system of Example 1. 




System Peak Load and Total Gapacity 
TLousand iCw ^ 
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1920 1930 1940 1950 1960 

Year 

rit. II. 5. Load growth curve for public utility. 

Example 2. 


The various loads in the town of Example 1 are to be 
expected at the following times: 

Residential load': 

10 o/o all day 

100 o/o 6 AM to 9 AM 

4 FM to 8 FM 


Commercial load': 

Theater^ j 11 AM to 11 PM 

Restaurant^ k 6 AM to 9 AM 

11 AM to 2 PM 
5 FM to 9 PM 
Stores, 1, q, r 9 AM to 6 PM 

Offices, p 9 AM to 12 N 

1 FM to 6 FM 
9 AM to 12 N 
1 PM to 4 PM 


Schools, n 


Yearly Output — Million KWH 
Population - Thousands 



ysteiB Load - Thousand Kilowatts’ 
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Hospitals, o 

10 o/o all day 

100 o/o 9 AM to 5 FM 

Warehouses, nr 6 AM to 6 PM 

Hotels, s 

10 o/o all day 

100 o/o 7 AM to 10 PM 

Industrial load: 

PF o/o all day 

100 o/c 8 AM to 12 F 

1 FM to 5 PM 

UsirfJ the demand and diversity data from Example 1, 
set up a load table and plot an expected daily load curve 



Duration -* Hours 

<Vtorld« a Light Co.) 


if. 


I I > 6. 


Daily load duration curve for public utility 
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Solution : 





LOAD 

TABLE 



kw 

Service 

Con . 




^d 

^4 

max . 


load 


cons . 

trans . 

fdrs. 

sub . 

dem • 

a 

3 kw 

0.60 

0.30 

0.75 

0.85 

0.90 

0.26 

b 

2 kw 

11 

It 

m 

tl 

•t 

0.17 

c 

5 kw 

11 

ft 

tl 

II 

II 

0.43 

d 

4 kw 

ft 

11 

11 

It 

tl 

0.34 

e 

6 kw 

ft 

It 

fi 

11 

II 

0.52 

f 

7 kw 

M 

It 

tl 

11 

II 

0.6C 


3 kw 

tl 

1.00 

It 

11 

ft 

1.44 

h 

10 kw 

11 

0 .30 

tl 

tl 

tl 

0.86 

i 

8 kw 

II 

ft 

II 

II 

II 

0.69 

j 

15 kw 

0.60 

0.70 

0.75 

0.85 

0 .90 

3.61 

k 

20 kw 

0.70 

It 

11 

II 

II 

5.62 

1 

17 kw 

0.70 

It 

II 

II 

ri 

4.78 

m 

25 kw 

0.40 

II 

II 

II 

II 

4.01 

n 

30 kw 

0.55 

II 

It 

II 

II 

6.63 

o 

26 kw 

0.45 

It 

II 

II 

II 

4.70 

p 

15 kw 

0.70 

n 

II 

II 

II 

4.21 

q 

18 kw 

C.70 

ft 

II 

II 

II 

5.06 

r 

35 kw 

0.70 

II 

II 

II 

II 

9.86 

s 

40 kw 

0.50 

It 

II 

It 

n 

8.04 

t 

10 hp 

0.65 

11 

II 

II 

It 

2.43 

u 

50 hp 

0.^6 

11 

II 

II 

II 

10.28 

V 

35 hp 

0 .56 

II 

n 

II 

It 

7.21 

w 

2 hp 

0.76 

11 

II 

II 

II 

0.66 

X 

100 hp 

0\65 

1 .00 

1.00 

II 

It 

39.30 

y 

40 hp 

0.55 

0.70 

It 

II 

II 

11.00 

z 

60 hp 

0.65 

II 

•I 

II 

II 

16.50 


3erv . 

MN-IAM 

l-2Att 

2-3AM 

S--4AM 

4-64M 

5-6AM 

Res . 

0.63 

C.63 

0.63 

0.53 

0.53 

0.53 

j 

k 

m 

n 

o 

0.47 

0 .47 

0.47 

0.47 

0.47 

0.47 

P 

s 

0.80 

0.80 

0.80 

0.80 

0.80 

0.80 

Ind . 

21.70 

21.70 

21.70 

21.70 

21.70 

21.70 

Total 

23.50 

23.50 

23.50 

23.50 

23.50 

23.50 
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Serv . 

6-7JIM 

7-8 IM 

8-9AM 

9-10 AM 

10- 11 AM 

11-12N 

Hes . 

5.31 

5 .31 

5.31 

0.53 

0.53 

0.53 







3.61 

0 

Ic 

5.62 

5.62 

5.62 



5.62 

1 n T* 




19 .69 

19 .69 

19 .69 





4.21 

4.21 

4.21 





6.63 

6.63 

6.63 

o 

0.47 

0.47 

0.47 

4.70 

4.70 

4.70 

n 

4.01 

4.01 

4.01 

4.01 

4.01 

4.01 

S 

0.80 

8.04 

8.04 

8.04 

8.04 

8.04 

Ind . 

21.70 

21.70 

86.78 

86.78 

86.78 

86.78 

Total 

37.91 

37.91 

110 .23 

134.59 

134.59 

143.82 

Serv . 

12- 1PM 

1-2PM 

2-SPM 

3-4PM 

4- 5PM 

5-6PM 

Fes . 

0.53 

0.53 

0.53 

0.53 

5.31 

5.31 

i 

3.61 

3.61 

3.61 

3.61 

3.61 

3.61 

u 

k 

5.62 

5.62 




5.62 

1 . a . r 

19.69 

19.69 

19.69 

19.69 

19.69 

19.69 

m 

4.21 

4.21 

4.21 

4.21 

4.21 

4.21 

n 


6.63 

6.63 

6.63 



o 

4.70 

4.70 

4.70 

4.70 

4.70 

0 ’47 



4.01 

4.01 

4.01 

4.01 

4.01 

s 

8.04 

8.04 

8.04 

8.04 

8.04 

8.04 

Ind. 

21.70 

86.78 

86.78 

86.78 

86.78 

21.70 

Total 

68.20 

143.82 

138 .20 

138 .20 

136.35 

72.66 

Serv . 

6-7 PM 

7-8PM 

8-9PM 

9- 10 PM 

10-llPM 

11-MN 

Res . 

5.31 

5.31 

0.53 

0.53 

0.53 

0.53 

j 

3.61 

3.61 

3.61 

3.61 

3.61 


k 

5.62 

5.62 

5.62 




l>q>r 

n 







n 

o 

0 .47 

0.47 

0.47 

0.47 

0.47 

0.47 

P 

s 

8.04 

8.04 

8.04 

8.04 

0.80 

0.80 

Ind. 

21.70 

21.70 

21.70 

21.70 

21.70 

21.70 

Total 

44,76 

44.75 

44.75 

34.35 

27.11 

23.50 
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MN 369NS69MN 
AM PM 

Time 

Fig, II-7, Load curve for elementary power eyetem. 

10. Factors Used In Operation An a I y s i s--Due to the var- 
iability of the load on power systems, it is seldom that a 
plant operates at its ultimate capacity continuously. In 
order to express the power output of a plant in terms that 
are easily analyzed, several factors have come into use. 

I Load factor is the average load during any specified 
time divided by the peak load of any specified duration. The 
average load may be taken over a day, month or year, and the 
peak load duration may be taken as fifteen or thirty minutes 
or one hour. For the most common case of daily load factor: 

^ _ total generation for day in kwh 

^ 24[maximuir demand in kw sustained for one hour] 


Capacity factor is the total power production for any 
specified time divided by the product of the installed cap- 
acity times the length of the specified period. For the most 
common case of daily capacity factor: 

^ ^ total i?eneration for day in kwh 

^ 24[installed capacity in kwl 


Use factor is the total power production for any given 
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time divided by the summation of the products of the hours 
operated times the installed capacity for each machine. For 
the most common case of daily use factor: 

^ _ total generation for day in kwh 

S[ (hours operated ) (capaci ty of machine in kw)l 
v' ^ j!J ' . . ;\-v' 

II. Determination of Si2e of E qu i pmen t--The problem of 
variable load and the necessity for insuring continuity of 
service are the two factors which have the greatest influence 
in the selection of equipment for a power plant. It has 
been seen that the plant must have a capacity sufficient to 
carry the maximum demand, but it is almost never the case 
where only one generating unit is selected to meet this de- 
mand. It is much more usual to select two or more units for 
the installation. Examination of Figure II*~8 will show why 



this is the case. Power generating equipment design involvei 
many compromises, especially when the equipment is expected 
to operate with variable load, and the usual result is that 
the thermal efficiency of the machine is at its maximum be- 
tween three-fourths load and full load, with the efficiency 
falling as the load increases or decreases beyond this range 
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It can be seen, then, that for maxiiruin operating eff- 
iciency the machine should operate at or near its rated load. 
This means that the usual plant will have more than one 
machine, and they may very well be of different siz^es so | 
that maximum efficiency could be approached at all loads. | 
Such an ideal case is never the most economical, however, \ 
when the complete picture is considered. It is a fact that 
as the size of the machine increases the thermal efficiency 
at full load increases and the cost per kilowatt of install- 
ed capacity decreases. Economies in investment can also be 
made by installing duplicate machines wherever possible. 

Continuity of service and ability to meet unusual con- 
ditions require that: 

1, In order to insure against breakdown in equipment, 

rejsjBxye^^yj^e^,^ must be provided equal to 

the capacity of the largest machine in the plant 
or system. 

2. In order to insure against inability to meet sudden 
unusual demand^s, spinning or active reserve capacity 
ffi'ust be provided, usually to the extent of about 

2 5 pe r cent of the demand at any time. 

The following criteria are useful in the examination of 
a proposed design, or will be of help in selecting equipment 
to fit a particular situation: 

1. The total plant investment per kilowatt of capacity 
must be at the minumum, or it must be demonstrated 
that the sum of the operating costs and fixed charg- 
es are at the minimum. 

2. Capacity and use factors for the plant must be at 
the maximum consistent with adequate idle and spin- 
ning reserves and with leeway for growth of load. 

Similar considerations apply to the selection of boiler 
and other equipment in the plant. Each major item of equip- 
ment should be subjected to a critical ana.lysis in order to 
determine the most economical combination/ 

Example 3-A shows the method of selection of machines 
for the installation considered in the elementary power sys- 
tem of Example 1 and Example 3-B shows the method of selec- 
tion of machine sizes to fit an extension of a lead growth 
curve . 
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Example 3-A. 

The town of Examples 1 and 2 is to be served by a 
Diesel-'olectric plant. Available generator sizes are: 26 
kw, 60 kw, 75 kw and 100 kw . Select a unit or units which 
will give the maximum use and capacity factors consistent 
with required reserves. Set up an operating schedule for 
the plant. 


Solution : 

Since the peak load is almost 150 kw^ provision for 
adequate spinning reserve would dictate an assured plant 
capacity of at least 185 kw to care for present needs. This 
capacity would necessitate the use of at least two machines 
in addition to a spare machine for assuring plant capacity. 
Possible combinations are.* (a) 3 - 100 kw (one spare); 

(b) 5 - 50 kw (one spare); (c) 1-25 kw, 1 - 50 kw and 
2 -* lOO kw (one spare); and (d) 2 - 50 kw and 2- 76 kw (one 
spare). Capacity factors for these combinations would be: 


(a) f ^ 

(b) and (d) f^ 

(c) f. 


1652.7 
24(300) 

1662.7 
24(250) 


1652.7 

24(275) 


0.229 

0.276 

0.250 


On the basis of capacity factors alone, (a) could be 
eliminated from further consideration, although some lee- 
way would be provided for future growth of load. However, 
(b) offers the same leeway with a higher capacity factor, 
and (c) and (d) offer high capacity factors with no leeway 
for growth. From this analysis, then, (c) and (d) are 
eliminated and the next step is to investigate the use fac- 
tors. Load factors are determined after setting up oper- 
ating schedules as in Figure II— 9 . These schedules with use 
factors are: 

(a) 1 - 100 kw on 24 hours 

1 — 100 kw on 7:30 AM, off 6:30 PM, 11 hours 


1652.7 

^ " 24(100) + 11(100) 


0.472 


(b) 1 - 60 kw on 24 hours 

1 — 50 kw on 7:30 AM, off 6:30 PM, 11 hours 
2—60 kw on 7:30 AM, off 5:30 PM, 20 hours 



Plant Load - Kilowatts Plant Load -> Kilowatts 
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" " 24(60) + 11(50) + 20(60) " ^ 

Then^ from the standpoints of maximum use and capacity- 
factors and leeway for growth, combination (b) consisting of 
6 “ 50 kw machines would be selected. Additional advant- 
ages would be realized in the purchase and maintenance of 
identical units. 


Example 3-B. 

The power plant whose load growth curve is shown in 
Figure II-5 had a net assured capacity (total plant capacity 
less the capacity of the largest machine in the plant) of 
49,000 kw in 1945. At this time the peak load was 60,000 kw 
which necessitated operation with practically no reserve 
capacity. An order for a 16,000 kw machine had been placed 
in 1942^, but, due to wartime conditions, the plant extention 
was not placed into operation until 1946. Another 15, CXO kw 
machine was ordered in 1945 and was scheduled for operation 
before the 1948 peak load. In 1948 the net assured capacity 
of the plant was 79,000 kw and the peak load was 66,000 kw . 
At this time it was decided to plan for future load growth.* 
The load growth curve was projected and it appeared that the 
peak load would equal the plant net assured capacity in 
1964, It was decided to order another 16,000 kw unit to op- 
erate initially in 1962, and indications were that the plant 
capacity would then be sufficient until about 
19b0, U was also decided that the situation would be re- 
surveyed in 1966 with the view of retiring soire of the older 
nachines which had been operating sirce 1920. 
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CHAPTER III 


ECONOMICS OF POVUER PRODUCTION 


12. Power Plant lncome--The public utility derives its 
inconje directly from the customers it serves, while the in- 
dustrial power plant usually receives its operating funds frc 
the revenues of the company of which it is a part. 

It can be seen, after some thought, that the public 
utility company's charge, or rate, fttr electrical service to 
its custODiers must include an element to pay for the laborj 
materials and fuel, an element to pay tor the cost of the 
necessary machinery, and an element which represents the in- 
vestors’ profit. Furthermore, since industrial customers 
usually supply a higher type of load than domestic customers, 
the industrial customers are usually accorded a more favor- 
able rate than the domestic customers. These considerations, 
when coupled with the inevitability of daily and seasonal 
demand fluctuations, result in a somewhat complex rate struc- 
ture for a public utility. 

The industrial power plant is not usually faced with the 
problem of setting a rate for its power. The present method 
of cost accounting ir industry takes only the average ann- 
ual cost of power per unit of production for the determin- 
ation of the power element in the cost of the manufactured 
product. This may not be a fair method of accounting if the 
industry suffers from seasonal peaks, but, on the other hand, 
It IS only the net annual profit for the industry which is 
s ignif ican t . 

In spite of the tremendous growth of the manufacturing 
industries in this country, the domestic customer supplies 
the greater part of the public utilities' revenue. Figure 
III— 1 shows the growth of load and decrease in cost per kilo- 
watt-hour for domestic customers. The engineer’s contrib- 
ution can be seen clearly in these curves . Increasing eff- 
iciency, as seen in Figure 1-4, has made lower rates poss- 
ible, which in turn has made it possible for customers to 
increase their use of electricity. It should be noted that 
the trend of rates has been continually downward in spite of 
the fact of creeping inf'iation which has been reducing the 
real value of money. 

13. Public Utilities as Monopo I i es--It does not take 
careful consideration to arrive at the conclusion that a ser- 
vice such as electric power can be supplied most economic- 
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“ 1915 1920 1925 1930 1935 1940 

« Year 

o 


(Coartwwy of 1>. Ton Hofctrand Co., Ifie.) 
rif. III-l. Co«t and uto of domoitle eloctric oorvico. 

ally by only one company operating within a given area. Any 
other arrangement would be wasteful and even inconvenient. 
Consider^ for example, the case of a large city which has 
two telephone companies competing in the same area . Obvi- 
ously, the customer is being made to pay for two systems 
where one would be sufficient. The public utility, then, 
takes on the character of a monopoly, but abuses are prevent- 
ed, in the case of private ownership, by the necessity of 
obtaining a renewal of its permit to do business (or /ra»- 
cAi»s'e) at intervals of time . Franchise granting agencies 
always reserve the right to purchase the utility at the end 
of the franchise period, or to grant a new franchise. Fur- 
ther insurance against abuses is provided by regulation by 
various public utility commissions, local. State or Federal. 

The municipal utility has no such restrictions upon it, 
and the rates charged may or may not include an element of 
profit. Most cities which own and operate their own power 
systems do include an element of profit which is intended 
to make it possible to charge lower ad valorem property tax- 
es. This method of collecting taxes for municipal operat- 
ing expenses is based on the theory that taxes will receive 
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the least opposition from the public when they are spread 
out in small payments attached to some widely used commod- 
ity . 


K. Retes--Any rate for power should be examined with 
the following criteria in mind: 

1. Fairness — Rates should distribute costs in accord- 
ance with the variability of the customer's demand. 

2. Simplicity — Rates, especially domestic, should be 
as simple as possible in order to avoid antagonism 
from the pub lie . 

3. Cost — The outlay for metering eqaipment and account- 
ing machinery should not be so great as to increase 
costs to a greater amount than can be paid for out 
of increased revenues trom more complicated rate 
structures . 

Every rate charged the consumer of electrical energy 
contains the following elements: 

1. Fixed element is the element of cost which is pres- 
ent in the system operation whether or not energy 
is produced . 

2. Energy element is the element of cost which is pro- 
portional to the amount of energy produced. 

3. Variable load element is the element of cost which 
is due to the character of the load served. 

4. Customer element is the element of cost which is 
proportional to the number of customers . 

5. Investors' profit is the elfMuent of cost which goes 
to reimburse the investor for the use of his cap- 
ital . 

15, The Fixed Element — The fixed element of the cost of 
producing power is the sum of the following factors: 

1. Capital cost of the power plant. 

a . Real estate . 

b. Building and machinery. 

c. Cost of construction. 

d. Engineering fees . 

2. Capital cost of primary distribution or transmission 
system . 
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a. Cost of easements or right-of-way. 

b. Cost of line and substation e/guipment. 

c. Cost of construction. 

d. Engineering fees. 

3. Interest, taxes and insurance. 

4. Depreciation of buildings and equipment.^ 

5. Sinknnf^ fund contributions tor bond retirement,^ 

6. Cost of management. 

7. Capitalized maintenance, or the cost of general 
maintenance required whether or not power is pro- 
duced . 

Estimating the capital cost of a pov/er plant is a rather 
difficult problem due to variations in such factors as lo- 
cation, availability of labor and materials and size of plant 
Table II in connection with Figure III~2 may be useful in 
making a first approximation. The lower figures in Table II 
apply to larger plants . 

In the final analysis, the only way to prepare an acc- 
urate cost estimate is from manufacturers’ and contractors' 
bids after the general layout of the plant has been deter- 
mined . 

If the plant is not situated within very close proximity 
to the area which it is to serve, a primary distribution sys- 
tem will be necessary. This system should be laid out to 
carry the expected load of the plant, therefore its cost will 
be proportional to the capacity of the plant and to the dis- 
tance over which the lines extend. It is almost impossible 
to give any figures as to cost per mile for transmission 
systems because of the many factors, such as type of terrain 
and size of conductors and carrying capacity, that enter 
into the cost. However, for purposes of estimating very 
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F|f. II1-2. Building and e^uipatent coat index. 


TABLE II 


APPROXIMATE POWER PLANT CAPITAL COSTS 
dollars per kilowatt capacity 
(base year 1932) 


Turbo-generator 

plants 

80 

to 

150 

Engine-generator 

plants 

70 

to 

150 

Pie se 1-generator 

plants 

130 

to 

250 

Hydro-generator 

plants 

100 

to 

300 


roughly, the cost of the primary distribution system may be 
taken as ranging between S1500 and S5000 per mile ( based on 
1928), the lower figure applying to low voltages and light 
loads in relatively flat and open country. 

Since it is usual to finance part or all of the cost of 
construction by the issuance of bonds or revenue certificates 
interest on these securities is part of the cost of operation 
Interest rates vary according to the money policies of the 
Federal Government. At the present time, interest rates are 
low, usually around three per cent, but in the past they 
have been as high as six per cent. 

If the utility is privately owned, ad valorem property 
taxes and occupational licence fees must be paid. These 
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usually amount to from two to three per cent of the invest- 
ment annually. In some States municipally owned utilities 
must pay the State occupational licence fee. 


All utilities maintain insurance on their equipment and 
liability insurance for protection against claims for damages 
The cost of insurance amounts to from one to two per cent 
of the investment annually. 


In order to provide a fund for eventual replacement of 
worn-out or obsolete equipment, a retirement reserve is ac- . 
cumulated over a period of years. The length of time for 
the accumulation of the reserve depends upon the estimated 
life of the equipment. Table III shows the legally approv- 
ed retirement periods for various types of equipment. The 
reserve may be accumulated in two different ways: by the 
sinking fund method or by the straight line method, although 
the straight line method is most usual. In either case, the 
sum- accumulated will be equal to the original cost of the 
equipment less a salvage value. For a number cf years bus- 
iness organizations have been attempting to have income tax 
laws amended to allow retirement reserves to be accumulated 
on the basis of present replacement cost, but they have had 
no success up to the tim.e of this writing. Inadequate re- 
tirement reserves have necessitated the sale of additional 
stocks and bonds to obtain capital for needed modernization. 


The sinking fund tor retirement of bonds or obsolete 
equipment is similar to an annuity, and, as a matter of fact, 
annuity tables can be used for computing the annual payment. 
The sinking fund is accumulated by making an annual payment 
to an account in a bank, which draws interest at the current 
rate, or by purchasing negotiable securities which draw int- 
erest. The total of the payments plus the interest earned 
over the retirement period will equal the total sinking fund 
reserve. The annual payment can be calculated from the fol- 
lowing equation: 


annual payment 
where: P 

S 
r 

n 


(P - S}{r [(1 + r)" -11) 

original cost 

salvage value 

rate of interest earned 

(compounded annually) 

number of years 


Since the accumulation of the plant retirement reserve 
is not a very accurate process at best, it is more usual to 
use the straight line method of depreciation and to treat 
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TABLE III 

PROBABLE LIFE OF POWER PLANT COMPONENTS 


Component 

Years 

Boilers, fire-tube 

10 

to 15 

Boilers, water-tube 


20 

Breechings and ducts 

10 

to 30 

Buildings 

20 

to 30 

Cables and feeders 

16 

to 26 

Coal and ash machinery 

10 

to 20 

Condensers 


20 

Cranes 


30 

Economizers and air heaters 


16 

Electric generators 


20 

Electric motors 


20 

Engines, steam 

15 

to 35 

Engines, Diesel 


15 

Feed- water heaters 


20 

Fuel oil handling equipment 


20 

Pipe and pipe covering 

15 

to 26 

Pumps 

15 

to 20 

Stacks, brick or concrete 


30 

Stacks^ steel 

12 

to 15 

Stokers and other coal burning equipment 


20 

Superheaters 


20 

Switchboards and equipment 


20 

Transformers 


15 

Turbines, steam 

15 

to 20 

Turbines, hydro 


30 


any interest earned as income. The annual payment can be 
calculated trom the following equation, with symbols as 
above : 

CP - S) 

annual payment ~ 


Unlike the plant retirement reserve, the amount neces- 
sary for bond retirement is known exactly. For this reason, 
the sinking fund is universally used for bond retirement. 
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The annual payicent can be calculated from the previous sink- 
ing fund equation (leaving out the salvage item) . It is 
necessary to recalculate the annual payment from time to time 
as interest rates change. 

The cost of management is included in the fixed charges, 
and usually management is taken to include all administrat- 
ive officers down to and including the plant superintendent. 

Usually about ten per cent of the total maintenance for 
the system is included in the fixed charges. This so-called 
capitalized maintenance is assumed to be the portion of the 
maintenance which is independent of the amount of power pro- 
duced . 

16. The Energy Element--The energy element of the cost 
of producing power is the sum of the following factors! 

1 . Cost of fuel . 

2 . Cost of labor . 

3. Cost of water. 

a. Boiler feed makeup water. 

b. Condensing water. 

c . Service water . 

4. Lubricating oil and operating supplies. 

5 . Maintenance , 

The greatest portion of the energy element is due to 
the cost of fuel, and for this reason it will be found that 
highly skilled labor in the power plant will always operate 
the plant in such a way as to save more than enough fuel to 
pay the difference in salary over unskilled labor. Due to 
the fact that the labor force required is proportional to 
the capacity of the plant rather than to plant output, em- 
ployment in the public utility business is very stable and 
attractive to those who would make a career in the business. 

Since the steam power plant operates best with pure 
water, and natural waters are very seldom pure enough, the 
cost of preparation of the water lor use as well as the cost 
of the water itself, in cases where it must be purchased or 
pumped, must be considered. 

A not inconsiderable item in operating costs is that of 
supplies of various sorts . These would include forms and 
charts for record keeping, cleaning and wiping sundries, and 
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all other expendable items which might be needed. Lubrica- 
tiDg oil is not a large item of expense in the well operated 
turbo-generator plant, since with proper care a lubricating 
cil charge will last almost indefinitely and requires only a 
small amount of makeup at infrequent intervals. 

Maintenance costs include the cost of repair and of re- 
placement of parts which wear cut. Properly supervised plants 
have a schedule of continuous maintenance designed to keep 
the machinery in the best possible condition at all timies. 

All but the smallest plants employ a maintenance force in 
addition to the plant operators. The cost of maintenance is 
usually estimated at about one per cent of the investment 
annually . 


17. The Varifble Load E I emen t--This elen-ent of the cost 
of production cf power is usually included with the energy 
element because cf the difficulty in assessing its effect. 
Consideration would have to be made of the reserve capacity 
required and the status of the plants in the system with re- 
spect to the type of loading, that is, base load, standby or 
swinging . 


18. The Customer E1ement--The customer element in the 
cost of producing power is the sum of the following factors! 

1. Capital cost of the secondary distribution system. 

a. Cost of easenents or right-of-way. 

b. Cost of line and substation equipment. 

c. Cost of construction. 

d. Engineering fees. 

2. Interest, taxes and insurance. 

3. Depreciation cf equipment. 

4. Sinking fund contributions for bond retirenent. 

5. Cost of franchise. 

6. Publicity. 

a. Public relations- 

b . Ad ver t is ing . 

7. Cost of collecting revenue. 

a . Meter read ing . 
b. Billing and ccllecting. 
c . Accounting . 

3. Maintenance. 
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Most of the factors appearing in the customer element 
have been discussed under the fixed element. In the matter 
of depreciation and sinking fund, the remarks in the foot- 
note on page 28 also apply. 

Investment in the secondary distribution system is rough- 
ly proportional to the number of customers served, and for 
purpoaes of estimation may be taken as approximately 360 per 
customer (based on 1928). 

The cost of publicity is usually lumped together with 
the cost of the franchise and may be taken as between one and 
two dollars per year per customer, depending upon the amount 
of advertising considered necessary. The cost of the fran- 
chise itself is usually nominal, and is usually considered 
to be in the nature of an occupational licence tax. 

The cost of collecting revenue may vary between SI. 50 
and $3 per customer per year (based on 1932), the smaller 
figure applying to the larger systems. 

19. Investors* Proflt--The profit element in the cost 
of producing power may or may not be present, according to the 
type of utility operation. It is inherently present in the 
private utility system, and it may be present in the munici- 
pal utility operation, as previously pointed out, when it is 
desired to reduce property taxes. It is usually absent in 
the Federal utility system, anc^ as a matter of fact, the 
Federal utility may suffer a deficit without danger of bank- 
r upcy . 


The profit on electric utility operations is usually 
estimated at about ten per cent of the investment annually 
before income taxes and bond sinking fund deductions are 
made . 


20. Types of Rates--There have been a great number of 
methods of calculating rates for electrical power used in 
the past, but of them only the following remain to any con- 
siderable extent: 

Block Meter Rate — In this type of rate a certain spec- 
ified price per unit is charged for all or part of a 
block of units, and reduced prices per unit are charge 
for succeeding blocks. Figure III-3 shows a rate sche 
ule based on this system. The block meter rate has the 
advantage of encouraging the use of electricity, pro- 
viding the initial blocks are not too large, and is al- 
most universally used for residential service. 
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Rate Schedule RS-l 


application I 


RESIDENTIAL SERVICE— ELECTRIC 


For aervire for all domestic purpoaea in private residencea and individually metered apartment unita. 


LIMITATION OF SERVICE i 

All reaidential aervice required on the premisea by Cuatumer ahall be anpplied throufih one meter. Stand-by or re- 
aale aervice not permitted hereunder. 

CHARACTER OF SERVICE i 

Sinitle phase, llS/230 volta, 3 wire or IIS volte, 2 wire depending upon Customer’a requirementa. Three phaee, 230 
volt aervice may be furniahed but only under special arrangements. 


MONTHLY RATEi 

|1 00 which entitles Customer to use 14 kwh, 

4 5cl per kwh for the next 36 kwh, 

2 per kwh for the next 130 kwh, 

1 5^ per kwh for all additional kwh. 

Tax Adjustment, — Plus the applicable proportionate part of any taxes and assessments imposed by any government- 
al authority in excess of those in effect January 1, 1937, which are assessed on the basis of qirters or customers or the 
price of or revenues from electric energy or service sold or the volume of energy generated or purchased for sale 
or sold 

Inflation Adjustment, — In order to take care of extreme increases in costs in the event of inflation there shall be added 
to the above rate V? of 1% for ^“rh 1 % increase in cost of oil over $2 00 a barrel (or $2 00 per 6,300,000 Btu, if fuel 

used IS other than oil) based on the average cost of fuel used in Company’s plants during the next preceding month. 


Excess Capacity Charge: For each kw of Demand in excess of 10, add $1 75 The kw of Demand is the average kw 
supplied dnrjng the IS-minute period of maximum use during the current month. 


RULES AND REGULATIONS! 

Service under this schedule is subject to orders of governmental bodies having Jurisdiction and to the currently ef- 
fective ’’General Rules and Regulations for Electric Service** on file in Company*8 office, which are hereby made a part here- 
of A copy of the present effective “General Rules and Regulations for Electric Service" is attached hereto. In case of con- 
flict between any provision of this schedule and said “General Rules and Regulations for Electric Service" the provision 
of this schedule shall apply. 

FLORIDA POWER & LIGHT COMPANY Effective June 1, 1946 

Fig. III«3. Reaidential rate schedule. 

Block Hopkinson Demand Rate — In this type of rate a de- 
mand charge based on the maxiiruir demand during any stat- 
ed period is added to a blcck meter rate. Figure III— 4 

shows a rate schedule based on this system. It is 
named after Dr. John Hopkinson, an Englishman who did 
much to develop the theory of rate making. This rate 
has the advantage of encouraging commercial and indus- 
trial customers to develop a high load factor. It is 
almost never used for residential service because of 
the necessity for demand meters. 

Room Rate — In this type of rate the block meter rate is 
modified to include the number of rooms in the residence . 
For example: per kwh for the first three kwh per 

room; 6—1/2j6 per kwh for the next three kwh per room; 

a nrl 5^—1 nia r» Vm h -F nr» avr»oc«c> niTOT* e "i v IrurVi nor" vrinir 
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Rate Schedule IR 


INDUSTRIAL SERVICE— ELECTRIC 


APPLICATION! 

For powrr service for industrial, manufacturins or processing purposes. The use of energy for lighting purposes vrltb- 
in and about the buildings, structures and premises housing or enclosing the power driven and operated machinery and 
equipment used in or in connection with such industrial, manufacturing or processing purposes and incidental to the use 
of power supplied hereunder for such purposes is permissible under this Schedule. For such lighting use. Customer will 
provide and maintain all transformers and auxiliary appurtenances 

CHARACTER OF SERVICE: 

Single or three phase, 60 cycles and at any available standard voltage. 

LIMITATION OF SERVICE i 

All service required on premises by Customer shall be furnished through one meter. Not applicable to service in 
stores, hotels, office buildings, theatres, apartment houses, restaurants, clubs, or in any other commercial establishments, 
nor to stand-by or resale service. 

MONTHLY RATE: 

|1 50 per kw for the first 400 kw of Demand, 

|1 00 per kw for all additional kw of Demand. 

2 6^ per kwh for the first 1,700 kwh, 

1 per kwh for the next 4,300 kwh, 

1,0^ per kwh for the next 34,000 kwh, 

0 8^ per kwh for the next 40,000 kwh, 

0.6fi per kwh for all additional kwh. 

For each kw of the highest Excess On-Peak Demand established during the 12 months ending with the current month, 
add to the 2 64 block 100 kwh per kw for the first 50 kw, 80 kwh per kw for the next 100 kw, and 70 kwh per kw 
for all additional kw. 

Adjustments : 

First, — Minus or plus .0183<# per kwh used for each 1^ below 124 or above 18tf, respectively, in Company’s cost 
per million British Thermal Units of fuel For this purpose there shall be employed the weighted average delivered cost 
(including freight, storage and handling costs) as shown by Company’s hooks, of all fuel used during the next 
preceding month in the generating stations interconnected with Company’s main transmission system 

Second, — Plus the applicable proportionate part of any taxes and assessments imposed by any governmental au- 
thority in excess of those in effect January 1, 1937, which are assessed on the basis of meters or customers or the 
price of or revenues from electric energy or service sold or the volume of energy generoted or purchased for sale or 
sold. 

Mlnlmumt |1 50 per kw of the highest Demand established during the 12 months ending with the current month, 
but not more than an amount sufficient to make the total charges for such 12 months equal to |20 00 per kw 
of such Demand, and not less than the charge for the currently effective Demand 

The foregoing rate is net and not subject to any municipal, county or other discount. 

DEMAND I 

The kw as determined from Company’s demand meter for the 15-minute period of Customer’s greatest use during the 
month, adjusted for power factor, but not less than 15 kw. 

ON-PEAK DEMAND* 

The kw as determined from Company’s demand meter for the 15-minute period of Customer’s greatest use during the 
On-Peak Hours of the current month, adjusted for power factor. 

The On-Peak Hours shaB'be from 5 to 9 p m each day, excluding Sundays, Christmas and New Year’s, from Decem. 
her 1 to March 31 inclusive Company reserves the right to change the monthly and hourly periods after giving 30 days’ 
notice, but the On-Peak Hours of each day shall always be consecutive 

EXCESS ON-PEAK DEMAND t 

*^0 number of kw by which the On-Peak Demand exceeds 20% of the average of the three highest Demands 
determined during the next preceding calendar months of April to November, inclusive 

The Excess On-Peak Demand effective for each month of the first contract year will be mutually agreed upon by 
Company -and Customer, and used until actual operating data are available. 

POWER FACTOR 1 

If Customer’s power factor shall average less than 85% lagging during any month, then Company may adjust the 
readings taken to determine the Demand by multiplying the kw obtained through such readings by 85 and by d vtding 
the result by the average power factor actually established during the current month Such adjusted readings shall be 
used in determining the Demand. 

TERM OF SERVICE: 

Not leaa than one year. In the event this schedule is a part of an agreement for a term of less than 5 years, 5% shall 
be added to the amount computed under the above Monthly Rate, before Adjustments, and to the above Minimum. 

RULES AND REGULATIONS: 

®2IT*** «“der this schedule is subject to orders of governmental bodies having jurisdiction and to the currently ef- 
fective general Rules and Regulations for Electric Service” on file in Company’s office, which are hereby made a part 
hereof. A copy of the present effective “General Rules and Regulations for Electric Service" is attarhrd hereto. In 
ease of eonRict between any provision of this schedule and said "General Rules and Regulations for Electric Service” the 
provision of this achednle shall apply. 


FLORIDA POWER & UGHT COMPANY 


Effective May 1, 1946 



ECOMOMICS OF POWER PRODUCTION 


37 


The computations involved are somewhat cumbersome, but 
the rate is used to a great extent in large cities where 
the majority of the population lives in apartments. 

Example 4 shows the method of computing rates for the el 
ementary power system of Example 1, based on the assumption 
that the system is privately owned, and Example 5 shows the 
calculations for rate making for the same power system based 
on the assumption that the system is owned by a municipality. 

Example 4 . 

The power plant of Examples 1, 2 and 3-^ contains five 
60 kw Diesel-generators which cost S250 per kw, installed, 
and have a salvage value of 10 o/o at the end of 16 years. 

The primary distribution system cost S20000 and has a sal- 
vage value of 20 o/o at the end of 12 years. Management 
cost is $6000 per year and taxes and insurance together are 
7 o/o. Depreciation of the investment is on the straight 
line basis. Sixty per cent ot the investment is raised by 
the sale of bonds which mature in 20 years and bear interest 
at 3.S o/o. Tue bonds are to be retired out of profits and 
the remaining 40 o/o of the investment is raised by the sale 
of common stocks. 

The engine heat rates (Btu/kwh net output) are*: full 
load, 11800; 0.76 load, 12000; 0.5 load, 12900; 0.26 load, 
14860. Fuel oil having 6,300,00p Btu/bbl and costing 23.00 
per bbl is used; maintenance 2600 per year; labor 2800 per 
month; supplies 2200 per year; and cost of water 2100 per 
year . 


The system has 1000 customers and the cost of collec- 
tion is 23.00 per customer per year. The secondary distrib- 
ution system cost 275000 and has a salvage value of 16 o/o 
at the end of 12 years; labor 21000 per month; maintenance 
2800 per year; and taxes and insurance together are 7 o/o. 
The depreciation and financing are managed in the same way 
as for the plant and primary distribution system . 


The annual profit is expected to be 10 o/o of the total 
investment, before income taxes are deducted. The income 
tax rate is 30 o/o. Find the amount of money available for 
common stock dividends after setting up a sinking fund for 
bond retirement. The sinking fund earns interest at 2 o/o. 

Make a block meter rate which will recover the fixed 
element in the first 8 kwh per customer per month- the cus- 
tomer element in the next 15 kwh per custLer pej moSJh; and 
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the energy and profit' elements from the excess over 30 kwh 
per customer per month. 

Solution : 

A. Fixed element: 


Investment in plant = 250(2250) 

2 

62500 

Investment in primary distribution system 


20000 

, ^ 62500 



iVnnual depreciation of plant = 0.90 

lo 

2 

3750 

^ 20000 



Ann. depr . of pri . dist. sys.“ 0.80 


1333 

Taxes and insurance = 0.07(82500) 


5775 

Interest = 0 .035(0 .60) (82500) 


1732 

Capitalized maintenance = (0.1G)(1400) 


140 

Management 


6000 

Total annual fixed element 

2 

18730 

Energy element: 



In Figure 111—5 a the engine heat rates are 

plotted vs 


kw output. Since all units are identical, the load will be 
divided equally among the units operating at any particular 
time. Figure III-5 b shows the plant heat rate vs plant 
load in kw . The following table can then be calculated': 



r pem^t •ytmm. 


Fit. III-S. 


Bnglfi* f«t«a for alanantar 
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Time 

-AM 

kwh 

HR 

K 

Beat 

KBtu 

Time 

PM 

kwh 

HR 

K 

Heat 

KBtu 

MN- 

1 

23.5 

13.1 

308 

N - 1 

68.2 

13 .7 

935 

1 ~ 

2 

23.5 

13.1 

308 

1 - 

- 2 

143.8 

12 .3 

1770 

2 ~ 

3 

23.5 

13.1 

308 

2-3 

138.2 

12.4 

1715 

3 - 

4 

23.5 

13.1 

308 

3 - 

- 4 

138.2 

12.4 

1715 

4 ~ 

5 

23.5 

13.1 

308 

4-5 

136.4 

12 .4 

13 .6 

1690 

5 ~ 

6 

23.5 

13.1 

308 

5-6 

72.7 

{ } 
13.0 
13.2 

968 

6 - 

7 

37.9 

12.2 

12.2 

425 

6-7 

44.8 

( } 
12 .0 

565 

7 - 

8 

37.9 

{ } 
20.0 

591 

7-8 

44.8 

12 .0 

533 

8 - 

9 

110.2 

12.8 

1410 

8-9 

44.8 

12 .0 

533 

9 - 

10 

134.6 

12.4 

1670 

9 -10 

34.4 

12 .3 

424 

lo- 

11 

134.6 

12.4 

1670 

10-11 

27.1 

12 .8 

347 

ll- 

N 

143.8 

12.3 

1770 

11-MN 

23.5 

13.1 

308 


Total Btu/day = 20,887,000 

, 20,887,000, 

Cost of fuel/day = 6,300,000^*®'°°^ ° 


-Annual fuel cost = 365CS9.95) $96"0 
Labor = 12(S800) 9600 
Water 100 
Supplies 20C 
Maintenance = 0.90(2600) 540 

Total annual energy element 21*10 


C. Customer element: 


Investment in sec. dist. sys. = 

7 

Depr . of sec. dist. sys. = 0.86 — 

Taxes and insurance = 0.07C75000) 
Interest = 0 .035( 0.60) (75000) 
Maintenance = 0.90(800) 

Labor ^ 12(1000) 

Cost of collection = 1000(23.00) 


275CX)0 

2 5310 

5260 

1575 

720 

12000 

3000 


Total annual customer element 


227855 
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D. Profit element: 


E. 


Total investment S167500 

Profit = 0.10(157500) S15750 

Less income tax = 0.30(15750) 4726 

Profit after taxes 211025 

Less sinking fund cont.= 

0.60(167500)-;^ 3880 

(1 -I- 0.02)* ® -1 

Available for dividends j 7146 


Dividend rate = 
Block meter rate 


7145(100) 

0.40(157500) 


11. S o/o 


First block: 


S18730 

12(10000) 


£0.156/kwh for first 10 kwh 


Second block: 

S27865 

12(20000) 


20.116/kwh for next 20 kwh 


Third block: 


rate 


210803 + 215750 


12 [ 


3 65(1653) 

12 


- 30000] 


20.109/kwh for 
excess over 30 kwh 


Example 8# 

This example is .the same as Example 4 except for the 
method of financing, which is typical of municipal practice. 
All of the capital is raised by the sale of revenue certif- 
icates which mature in 20 years and bear intefest at 3.5 o/o 
and the sinking fund earns interest at 2 o/c. Profit of 
10 o/o on the investment goes to defray town operating ex- 
penses. No taxes are paid, and insurance is 2 o/o. 

Solution : 

A, Fixed element: 
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Investinent in plant = 250($260) 

Investment in primary distribution system 

Jlnnual depreciation of plant 
Annual depr . of pri . dist. sys . 

Insurance = 0.02(82500) 

Interest = 0.035(82500) 

Capitalized maintenance 
Management 

Sinking fund cont. = 0.0411(82500) 

Total annual fixed element 
Energy element: 

Total annual energy element 
Customer element: 

Investment in secondary distribution system 

Depreciation of sec. dist. sys. 

Insurance = 0.02(75000) 

Interest = 0.035(75000) 

Maintenance 

Labor 

Cost of collection 

Sinking fund cont. = 0.0411(75000) 

Total annualcus tomer element 

Profit element: 

Profit = 0.10(157500) 


Block meter rate: 
First block: 


rate 


S19148 

12(10000) 


Second' Block : 


SO. 159/kwh for first 


S28235 


a 6 2 500 
20000 

S 3760 
1333 
1650 
2885 
140 
6000 
3390 

219148 


210803 


275000 

5310 

1500 

2625 

720 

12000 

3000 

3080 

228235 


215750 


10 kwh 


rate 


12(20000) 


20.118/kwh for next 20 kwh 
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Third block: 


rate 


2510803 + $15750 
12(20300) 


20.X09/kwh for excess 
over 30 kwh 
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PROJECT I 


1, A certain town of 20,000 population is served by a 
private utility and has the equivalent of 6,000 customers, 
divided among three substations . Substation A serves a res- 
idential district; substation B serves a commercial district; 
and substition C serves an industrial district. Street 
lighting is supplied from substation D. The system (incom- 
plete) is shown in Figure III— 6. Connected loads and hours 
of use are as follows: 


Class of Service Connected Load Hours of Use 

kilowatts 


Substation A : 


Residences 

7500 

6 

to 

8 AM 



5 

to 

11 

PM 

Apartments 

2500 

6 

to 

8 AM 



5 

to 

11 

PM 

Substation B: 






Public buildings 

250 

9 

AM 

to 

5 PM 

Churches 

140 

10 

AM 

to 

1 PM 



6 

to 

9 

PM 

Hospitals 

450 

all 

day 

Thea ters 

250 

2 

to 

11 

PM 

Laundries 

ICO 

7 

AM 

to 

5 PM 

Retail stores 

450 

9 

AM 

to 

e PM 

Offices 

300 

9 

AM 

to 

5 PM 

Newspapers 

150 

9 

AM 

to 

8 PM 

Substation C: 






Factor ies 

3000 

7 

AM 

to 

5 PM 

Machine shops 

500 


AM 

to 

5 -PM 

Substation D: 






Street lighting 

500 

6 

PM 

to 

6 AM 

(a) Find the probable 

maximum demand for 

each class 

of 

ser- 


vice . 

(b ) Find the probable maximum demand on each substation. 

(c ) Find the probable maxiirum demand on the power plant and 
plot a typical daily load curve for the plant. 

(d ) Turbo-generator sizes available are: 500 kw, 750 kw, 

1000 kw, 1500 kw, 2000 kw, 2500 kw and 3000 kw . Choose a uni 
or units which will give the maximum use and capacity factors 
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conaistent with requir- 
ed reserves and leeway 
for growtli, and set up 
an operating schedule 
for the plant. 


2. (a) Estimate the 

cost of the plant and 
transmission system, 
assuming that the trani- 
mission system consists 
of approximately five 
miles of 13.2 kv line 
in flat country. Man- 
agement cost is $10000 
per year and taxes and 
insurance together are 
7 o/o. Depreciation 
of the investment is on 
the straight line bas- 
is . Sixty per cent of 
the investment is fin- 
anced by the sale of bonds which mature in twenty years and 
bear interest at 3 o/o. The remainder of the investment is 
financed by the sale of common stock. What is the annual 
fixed cost? 

Cb ) If the turbo-generator heat rates (Btu per kwh net out- 
put) are estimated as: full load, 17500; 3/4 load, 17850; 

1/2 load, 18650; and 1/4 load, 20500; fuel oil having 
6,325,000 Btu per bbl, costing $1.50 per bbl is nsed; labor, 
$2,000 per month; supplies, $3,000 pei^ year; and cost of 
water, $1,000 per year, what is the annual energy element? 
(Assume that the typical day in part one is the average day.) 

(c ) Estimate the cost of the secondary distribution system 
and the annual customer element if labor costs $5,000 per 
month and taxes and insurance together are 7 o/o. The de- 
preciation and financing of the investment is in the same 
manner as with the plant and primary distribution system. 

(d ) If the annual gross profit is to be ten per cent of the 
investment, how much will be left for common stock dividends 
after setting up a sinking fund for bond retirement and pay- 
ing income taxes? The sinking fund earns interest at two 
per cent and the income tax rate is 38 o/o. 

(e ) Set up a block meter rate which will recover the fixed 
element in the first ten, the customer element in the next 
25 and the energy and profit elements in the excess over 35 
kwh per customer per month. 



Fi|. IIt*C. flca^ntarj pov«r ayg' 
t mm t Projgct I. 






CHAPTER IV 


VAPOR POWER CYCLES 


21. Carnot Cyclo--A cycle composed of completely re- 
ersible processes was proposed by Sadi Carnot, a French en- 
ineer, in 1824. The Carnot cycle is accepted as being the 
ost efficient between any two temperature limits. The cff- 
ciency of the Carnot cycle can only be approached, however, 
ecause all real processes are irreversible. Figure IV~1 
hows the Carnot cycle on the T— S and H— S planes for satur- 
ted steam and for superheated steam, both produced from 
aturated water . ^ 




Fig. IV-1. Carnot cycl*. 

It will be noted that the Carnot cycle consists of two 
reversible isothermal and two reversible adiabatic processes 
Examination of the cycle on the B-S plane will show that the 
characteristics of real vapors, such as steam, will not al- 
low a practical realization of the Carnot cycle for the rea- 
son that the isothermal additions of heat from 2 to 3 and 
from 4 to 4' require that the pressure must decrease as the 
heat is being added . 


Since theae figure* ere not to acale, considerable diator« 
tion exiata, eapecially in the liquid region. 
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22« Rankine Cycle--The simplest vapor power cycle which 
has been proposed was conceived by Frof. W, J, M. Rankine, of 
the University of Glasgow, in 1849. This cycle is shown on 
the T~S and H~S planes in Figure IV--2, and will be seen to 
be a modification of the Carnot cycle to meet the require- 
ments of real vapors. The expansion and compression lines 



Entropy 
(a) T-S Plane 



(b) H-S Plane 


Fig. IV-2. Runlcln# cycl*. 

are shown to follow paths of increasing entropy because of tht 
irreversibility of real processes. The ideal Rankire cycle 
would have these two processes follow paths of constant en- 
tropy . 


A schematic diagram of the Rankine cycle is shown in Fig- 
ure IV-3. The process 1-2 takes place in the pump and is 
one of sub cooling in which the pressure is increased to that 
prevailing in the boiler. The process 2-3 takes place in 
the boiler and represents the constant pressure heating of 
water to the saturation temperature. The process 3-4 takes 
place in the boiler, also, and represents the production of 
steam from water at constant pressure. The steam at state 4 
may be either wet or superheated. The process 4-5 retresents 
the expansion in the engine, during which process work is 
done. The process 5-1 takes place in the condenser and is a 
constant pressure rejection of heat. It should be remember- 
ed that within the region of vapor mixtures (under the sat- 
uration line) a constant pressure process is identical with 
a constant temperature process . 

The cycle represented in Figure IV-3 is closed, in that 
the same working fluid is used over and over. Often in 
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H7 



W/J,. 


Fig. IV>3. Kankin* cycle. 

sinple plants the cycle is open, that is, the condenser is 
absent and the steam is exhausted to the atnosphere at state 
5. Sometimes part of the steam exhausted at state 5 in an 
open cycle is used to heat the feed^-water ^oing to the pump. 
This arrangement is shov/n in Figure IV-4. 



W/J in 


Flf, lV-4. Opati Rnnklne cycia with f • • d - w » t • r heating. 


W*) lbs 
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The general energy equation of steady flow can be ap- 
plied to each piece of equipment in the cycle and the var- 
ious heat and work quantities determined, most conveniently 
on the basis of one pound of steam to the throttle of the 
engine . 


For the closed 

Rankine cycle.* 


Pumr : ^ 

- F, 


Boiler : 

Q,, = F. - F, = P, 

-Hi - ^P, - p, ) 

Engine: 

- F., 


Condenser : 

®out = - F, 


The efficiency of the cycle will be the net output divided 
by the input, or 


^ 4 . 



F. - F, - (P, - P, ) 


For the open Farkine cycle with feed 

-water heating: 

Pump : 

= F. - F, 


Boiler : 

= '■* - F, - 

(F. - F, ) 

Engine : 

- f'’* - F., 


The preceeding relations are the sane as for the cloeed Ran- 
kine cycle, but the fact that part of the exhaust steam is 
used for feed-water heating makes it necessary to introduce 
a weight term, to represent the amount of steam used for 

feed-water heating and to make an energy balance for the 
feed-water heater, as follows: 

M,, (F. 

, - K,) = (1 - M^CP, 

- H, ) 


For p r • • T • rit«t in tho puaip of !••• than *00 Iba par 

aq in. tha puop oork taroa m my ba naflactad without apprac* 
labia arror* For praaoura riaas graatar than 100 Iba par aq 
In. tha puMp work eon bo dataroinad froo Tabla 4 of Tba^oo* 
dpoanie Psopattiaa ol tlaa»« by laanon and Kayoa. 
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M, 


ji 




El would ordinarily be unknown, but, from the conditions un- 
der which the cycle operates, it can be no greater than the 
enthalpy of saturated water at the exhaust pressure (atmos- 
pheric usually). Then as before. 


€ 


F. - - (?, - H, ) 

P. - E, - {h, - H, ) 


This same sort of analysis could be applied to the open 
Rankire cycle without feed-water heating. The advantage of 
using part of the exhaust steam for feed-water heating can be 
seen if the expression for thermal efficiency is examined. 
With feed -water heating will be greater, thereby causing 
a decrease in the value of the denominator with a resulting 
increase in efficiency. Ir addition, less makeup water 
would be required . 

23. Engine Ef f i c i ency--The ratio of the actual work en- 
ergy removed from a pound of steam in the engine to the 
amount that could be removed in an adiabatic expansion is 
known by several names! eng^ine efficiency^ Rankine cycle 
efficiency ratio, and Rankine cycle ratio. The preferred 
name, however, is engine efficiency. The mathematical re- 
lation (referring to Figure IV~2) is: 



The engine efficiency can be determined directly for 
steam engines because it is possible to follow the path of 
the steam expansion with an engine indicator and to deter- 
mine the power delivered to the piston. In this case. 


2.S4F 

where: = steam rate, Ihs/in'^icated hp-hr 

In the case of the steam turbine, it is difficult to 
determine the engine efficiency because the path of the ex- 
pansion cannot be followed completely and the mechanical 
efficiency cannot be determined easily. Therefore, the term 
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overall engine efficiency, which is the product of engine 
efficiency and mechanical efficiency (and generator effic- 
iency, if electrical output is measured) is employed. In 
this case. 


254b 



where: S,^ = steam rate, Ibs/shaft hp-hr 

It should be pointed out here that the steam rate has 
significance in the above equations only for engines or tur- 
bines operating on the Rankine cycle where all of the steam 
passes completely through the engine or turbine. In other 
cases the steam rate is of value only in comparing similar 
cycles or for checking day to day performance of a partic- 
ular machine. 

24. Reheating Cycle--This cycle was proposed by Ferranti 
as a means of improving the efficiency of the Rankine cycle 
for real engines. It is a characteristic of real engines 
and turbines that the engine efficiency is greater in the 
region of superheat than in the region of mixtures . The 
ideal reheating cycle is intended to cause a greater portion 
of the expansion to take place in the region of superheat 
where the enthalpy drop between any two pressures is greater 
than the enthalpy drop in the region of mixtures between the 
same two pressures. This difference is slight, however, and 
results in very insignificant gains in thermal efficiency 
for the ideal cycle. The opposite is true for the real re- 
heating cycle, and very significant ^ains are made as a re- 
sult of the improved engine efficiency. Figure IV-5 shows 
the reheating cycle on the T-S and R-S planes, and Figure 
IV-6 shows a schematic diagram of the cycle. 

The reheating of the steam may be done in one of three 
wavs: (a) Using steam from the boiler in a heat exchanger*, 

(b) using a separate reheating furnace; or (c ) using a re- 
heater built into the boiler gas passages. The reheating 
cycle utilizing the first method of reheating has very little 
advantage, if any, over the Rankine cycle due to thermal 
losses in the reheating system. The second method has ther- 
modynamic advantages over the first method, but requires 
considerable additional investment in fuel burning equip- 
ment, etc. The third method has both thermodynamic and eco- 
nomic advantages over the first method. 

The cycle can be analyzed as follows: 
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Enj^ine L.P.: 

Condenser: ^out ^ ~ 

_ P, > H,, + 11,- V.,, -> (E, ^ B,) 

®*c H, - H, + B, - Hsj - CE* - EJ 

26« Regenerative Cycle--This cycle was proposed by 'Prof. 
J. H. Cotterill in 1890, and depends for its improvement in 
thermal efficiency over the Rankine cycle upon the use of 
part of the steam from the engine, after it has done some 
work, to heat feed-water going to the boiler. The regener- 
ative cycle is similar to the open Rankine cycle with feed- 
water heating except for the addition of the condenser to 
carry the expansion down to lov;er temperatures and to close 
the cycle. Figure IV-7 shows the regenerative cycle on the 
T-S and H-S planes, and Figure IV-8 (a) shows a schematic 
diagram of the cycle with two mixing (or open) heaters to 
correspond with Figure IV-7. Figure IV-8 (b ) shows the mod- 
ification of the schematic diagranf and the lower part of 
the.B-S plane that is necessary when the low pressure open 
heater is replaced by a closed (or surface) heater. 




(b) H-S Plane 


Fl|. IV-7. K*f«n*r«tiv« cyel*. 


R. L. Reynolds has given considerable data on the per- 
formance of regenerative cycles with various numbers of feed- 
water heaters, and Figure IV-9 shows some of his data which 
are used for the determination of the best final feed-water 
temperature. It will be noted that the curves in Figure 

IV— 9 (a) are drawn for a standard throttle temperature of 
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Fif. IV-8. R • r at I cycl«. 

760 F and a standard condens'er vacuum of 29 inches of mercury. 
The effect of departure from these standards can be computed 
with the aid of the correction curves in Figures IV-9 (b; 
and IV“9 (c) . It is customary to select the extraction pres- 
sures for feed-water heating so that the temperature rises 
in each heater are approximately equal. Ordinarily only one 
open heater is used in the modern regenerative cycle, so 
placed that the pressure in the heater is slightly above at- 
mospheric at the minimum normal load. 

The cycle can be analyzed as follows: 

A. For two open heaters: 

V/Jin, =■ - ■H.Hi - M.^ - Mb) 


Pumps : 
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Boi ler : 
Engine : 

Condenser : 


t 7K~ * 


(H, - H„) 


= ■«« - H»6 + <1 - 

+ (1 - M,, - M5)CH,„^ 


ft 


out 


= (1 - - HJ 


The extraction quantities can be determined by the use of 
energy balances for each feed-water heater, as folio?7s: 

- HJ = tl - - H, - (E4 - H,)] 

Mg[H,oe - H ,3 = [1 - M,^ - M5HE, - B, - (H, - H,)] 

The thermal efficiency is: 




B. For one high pressure open heater and one low pres- 
sure closed heater: 


Pumps : 


Boiler : 
Engine : 


W/J, 


= (H^ - E, )(1 - M.ji ^ Ub) 


= CE, - EJ 

ftf„ = E, - E, - CH* - HJ 

W/Jo«i = H, - E,e + (1 - M,^)(E,e - Pio#) 

+ (1 - - Ms)(E, „j, - E,,^) 


-H,) 


Condenser : 

Extraction quantities: 

M.^[E,* - EJ = [1 - M.^][Eb - E,] 

[1 - Uj, - Mg][E,1 + [MaHH,oe + - B,oct)] 


F4 


[1 - 


M„[E,„, - E,o ] = [1 - H, - M-UE, - E, - (E, - BJ] 
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The addition of more stages of feed~water heating mere- 
ly makes the mathematics more complicated. An energy bal- 
ance for each feed-water heater and for each junction point 
where closed heater drip pumps discharge into the main con- 
densate line will give sufficient equations to solve for all 
of the unknowns . 


Modifications of the cycle are sometimes made in the 
minor details, such as disposal of the closed heateP drips. 
Where closed heaters are placed in series, the drips may be 
cascaded counterflow to the condensate with a slight loss in 
thermodynamic efficiency, but with saving in installation 
and maintenance costs due to the elimination of several pumps 
It is usual, however, to have at least one heater drip pump, 
located at the closed heater nearest to the condenser. Fig- 
ure IV— 10 shows the heat balance diagram for a modern high 
pressure regenerative cycle. 

26. Reheating-Regenerative Cycle--The sinple reheating 
cycle is no longer used in central station practice because 
greater efficiency gains can be realized by combining it 
with the regenerative cycle. In the last few years there 
have been several large stations built on this cycle using 
flue gas reheating. The reheating-regenerative cycle is gen- 
erally considered to provide the ultimate im.provement in eff- 
iciency over the Rankine cycle where only a single working 
fluid is concerned. The cycle analysis is made in the same 
manner as given for the two separate cycles. Figure IV-11 
shows the heat balance diagram for a modern high pressure 
reheating-regenerative cycle. 

27, Field Cycle--This cycle was proposed by J. F. Field, 
of the British Electric Authority, in 1946. The cycle elim- 
inates the boiler and depends upon vapor compression to bring 
the steam back to the saturation condition before superheat- 
ing. The cycle is shown on the T-S and E-S planes in Figure 
IV-12, and a schematic diagram is shown in Figure IV— 13 . The 
unavailable energy is rejected in a small condenser called a 
’’calorif ier , ” and the condensate is returned to the system 
through a spray nozzle. Field has also shown modifications 
of the cycle which Include reheating and regeneration. 

The simple cycle can be analyzed as follows: 




Pump : 

'Compressor : 


W/Jtn, 

W/J. 


t n, 


2 


Q. 


t n 


= .(M)(E, - E„) 
= -H, - 
= H, - B, 


Superheater : 








i^cft JOf0t tfttf Ofirtft 
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u o 



to 


Engine: - T!*^, 

Calorifier flow: 

[1 - Ml [P.„ - H, j,] = M[H,^ - ^5 


CH, - -Hb )1 


^3 - K., - F, - H,, - M(P. - B,) 
Ps - Kp 


fig* IV-11. He«t balance diagran 
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Flf. IV-12. Fl*!d cycl*. 

The theoretical advantages of this cycle are such as to 
make the efficiency much greater than that of the reheating- 
regenerative cycle because only a small portion of the steam 
flowing is condensed to water^ The practical disadvantage, 
however, is the large amount of the output of the engine 
which is returned to the compressor. The cycle is similar 
to the gas turbine cycle in this respect (see Chapter XIX), 
and for all practical purposes is a closed gas turbire cycle 
using steam instead of air as the working fluid. 

28« Superposed Cycle--The superposed (sometimes called 
"topping") cycle was developed during the depression of the 
1930^8 to allow the addition of capacity without the necess- 
ity for building complete new plants. The cycle is a com- 
pound arrangement in which new high pressure boilers, re- 
placing obsolete low pressure boilers, supply steam to a new 
high pressure turbo-generator which exhausts to the exist- 
ing low pressure turbo-generators. The lov/ pressure turbo- 
generators are rehabilitated to give additional useful life. 
This type of additional capacity can be installed for about 
one-half the cost of a complete' new plant of the dame cap- 
acity . The upper portion of the cycle is shown on the H-S 
plane in Figure IV~14, and a schematic diagram is shown in 
Figure IV-15. To date, superposition has been practiced 
only on regenerative cycles. 

The cycle can be analyzed in the usual manner, remem- 
bering that the condition of the steam at state 10^ (the ex- 
haust of the high pressure turbine) must be identidal with 


Enthalpy 
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Superheater 1 lb 


Calorii ler 


Fig. IV-I3. Field cycle, 



Entropy 


rlt. IV* 14. Superpoicd cycl< 


the specified conditions for 
the throttle of the old low 
pressure turbines . It will 
be seen that the high pres- 
sure turbine must pass large 
weights of steaiD^ but the 
initial and final specific 
volumes are small enough to 
make the actual physical size 
of the high pressure turbine 
rather small in comparison 
with that of the low pres- 
sure turbines . 

Perhaps the most import- 
ant calculations in the super 
posed cycle have to do with 
the determination of the add- 
itional power produced by the 
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high pressure turbine. The heat balance of the regenerative 
cycle upon which the high pressure system is superimposed is 
already known, and it is only necessary to consider the ef- 
fect of the superposition upon the complete system., as fol- 
lows : 


Additional pump work: 

Additional engine work: 

= I '- - ^"0 

State 10^ is known, but in order to determine state 9 the 
engine efficiency of the superposed turbine and the approximate 
amount of power required from it must be known. In general, 
a superposed turbine produces about one-third as much power 
as the lov/ pressure turbines which it supplies with steam. 

Then, if M is the total steam flow in pounds per hour requir- 
ed for the low pressure turbires, and kw is the output of 
the low pressure turbines, 

_ F. - i\c^ 3.413 (kw) 

P, - 3M(P. - P,o„) 


10 



Fit. 


IV. 15. 


Sup«r90s«d cyel*. 
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The two enthalpies^ H'» and Hio^> will serve to locate 
the pressure and temperature to the throttle of the super- 
posed turbine, as a first approximation. A standard temp- 
erature and pressure nearest to the calculated requirement 
is selected and then the heat balance is adjusted accord- 
ingly, If steam is extracted from the superposed turbine 
for feed-water heating, the heat balance and throttle flow 
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are further adjusted. Figure IV-16 shows the heat balance 
diagram for a modern superposed installation. 

29. Binary Cycle8--Some years ago it was realized that 
progress in increasing the efficiency of vapor power cycles 
was being retarded by the thermodynamic disadvantages of 
steam in the higher tempera- 
ture ranges. That is^ extreme- 
ly high pressures are requir- 
ed for high initial temper- 
atures so that the condition 
of the steam at the end of ex- 
pansion in- the engine will be 
within a range that can be ^ 

economically handled. This 
limitation led to the develop- £ 
ment of the mercury-steam bi— 
nary cycle. Mercury has the a 

advantage of requiring much tn 

lower pressures for higher 
temperatures than does steam. 

The mercury-steam binary 
cycle utilizes the latent heat 
of condensation of the mercury 
to generate steam. Figure 
IV-17 shows the cycle on the 
T-S plane, and Figure IV-18 
shows a schematic diagram of 
the cycle. Figure IV-19 is a Mollier diagram for mercury 
vapor . 

The cycle can be analyzed in two parts on the basis of 
one pound of each fluid, and then coiiibined into the binary 
cycle, as follows! 


r lbs 

Fgl 

_ P- ■ 

- E„ - (Ke 

- P5) 


[ lbs 

HyO] 


- R’ 

3 





+ W/J 

2 net 

[lbs 


W/J„ 

n 


= W/J^ 

lbs 

H^O] 




[lbs 

E(?l 





-t Q . 

^^[Ibs 

P,01 




g, lV-17. Ii•^cufy*•te•m 
binary cycle. 


w/j 


net , 
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An interesting feature of the irercury cycle is the ab- 
sence of a mercury pump. The mercury turbine and condenser 
is placed on an elevation above the mercury boiler, and the 
difference in density between liquid and vapor is sufficient 
to feed the boiler. One problem that has slowed down the 
acceptance of the mercury~s team binary cycle is that of seal- 
ing in the highly toxic mercury .vapors . However, this diff- 
iculty has been overcome satisfactorily and a complete plant 
is presently being built in New England . 

Other binary cycles have been proposed which use steam 
as the upper fluid follov/ed by sulphur dioxide, petroleum 
ether, butane or propane. The disadvantages of these cycles 
lie in the undesirable properties of steam at higher temp- 
eratures and in the toxicity and inflammability of some of 
the secondary fluids proposed. The advantage, however, is 
in the fact that both engines exhaust at pressures above at- 
mospheric, thus elimirating the necessity for a vacuum pump 
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on the condenser. There is little, if any, gain in thermal 
efficiency over the straight steam cycle. 



Fig. IV-19. Mollier disgraw for marcury vapor. 
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CHAPTER V 


PR IME MOVERS 


30 , The only priire movers used in vapor power cycles 
are entires or turbines. The engine is a reciprocating de- 
vice which utilizes both pressure and expansion energy of 
the steam, while the turbine is a rotating machire which 
utilizes only the expansion energy of the steam. 

Steam engines in sizes below 500 hp are more efficient 
than steam turbines and find their greatest application 
where variable speed and exhaust steam for process use is 
required. Steam turbines have replaced steam engines in 
sizes over 500 hp, principally because of their compactness 
and higher efficiency. 

31. Steam Engines--The steam engine became a practical 
reality in the 1600' s, and after improvements by Newcomen 
and Watt, and many others, reached the peak of its growth 
and use in the early I900's. Engine sizes reached 25,000 hp 
on a single shaft with four cylinder triple expansion mach- 
ines for driving battleships. As previously mentioned, how- 
ever, the steam engine is finding its field limited to small 
sizes. It appears that t*he steam engine on the railroads is 
also doomed to obsolescence. The American Locomotive Com— 
pany, which built steam locomotives for 100 years, recently 
announced that its entire production in the future would be 
confined to Diesel— e lectric equipment. 

The principal types of engine remaining in use today 
are divided into two general classifications, counterflow 
and uniflow, depending upon the location of the main exhaust 
ports with relation to the stroke of the piston. The class- 
ifications are further subdivided as to valve types, whether 
slide, rotary or poppet. It can be said, in general, that 
the uniflow engine is more efficient than the counterflow 
engine because of reduced thermal losses resulting from the 
avoidance of alternate heating and cooling of the cylinder. 
Rotary and poppet valve engines are more efficient than slide 
valve engines . The rotary and poppet valves reduce losses by 
avoiding the throttling of steam at the intake and exhaust. 
Figures V-1 and V— 2 show two common types of steam engine. 

The mechanical efficiency of a steam engine can be de- 
termined directly if the output horsepower (usually called 
brake horsepower because some form of brake or dynam.ometer 
is used for its measurement) and input horsepower (called 
indicated horsepower because an engine indicator is used 
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for its deteriT'irati on ) are known. Figure V~3 shov/s one type 
of brake used to deteririire engine output, and Figure V-4 
shows an engine indicator with a diagram (or card) drawn by 
it. If the constants of the brake, engine and indicator are 
known, the following equations will give the required infor- 
mation : 


2tTFLN 
" 33 coo 


where ' F 
L 
N 


net force exerted by brake, lbs. 
length of brake arm, ft. 
sreed of entwine, rpm . 


Ihp 


33C0C 33000“ 


where: ?m^ and P^^ = mean effective pressures 

exerted on the head and crank ends 
of the piston, lbs /sq in. 

L = length of piston stroke, ft. 

Ah and A^ = effective piston area of 
head and crank ends, sq in. 

N = speed of engine, rpm. 



where: A^ = area of indicator diagram, sq in. 

= length of indicator diagram, in. 

S = scale of* indicator spring, Ibs/sa in. /in. 

Bhp 
^ Ihp 


The mechanical efficiency of steam engines is high, and 
the shape of the efficiency vs load curve depends primarily 
upon the valve type, as can be seen in Figure V~5 . Engire 
efficiencies are moderately high and depend primarily upon 
the flow direction within the cylinder, as shown in Figure 
V-6. 
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Net work 

v; 


= [(P,/R)(l + log^R) - P.IF^ 


where: Pm = mean effective pressure, Ibs/sq in. 

Pi and Pp - throttle and exhaust pressure, 
respectively, Ibs/sq in abs. 

R = expansion ratio 

= a diagram factor depending on the 
type of engine (Table IV) 


The engine dimensions are affected by the rotational 
speed and the allowable piston speed, as shown in Table TV 


Example 6 shows 
the method of esti- 
mating steam engine 
dimensions by use of 
the preceeding in- 
f ormat i on . 

E X amp 1 e 6 . 

Determine the 
approximate dimen- 
sions of a single 
cylinder double-act- 
ing unillow steam en- 
gine- to develop 250 
bhp at 200 rpm . 



Fit* V>2. Unifies 
• tkan cngln* cyllri'* 
d«r with D gild* 
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Steam to the throttle is at 160 psig and saturated. Exhaustr 
is at 3 in. Hg abs. 


Solution : 


From Figure V~6, the mechanical efficiency Is found to 
be about 90 o/o, and from Table IV, the piston speed and 
diagram factor arc estimated to be 760 fpm and 0.80 respect- 
ively. Taking the expansion ratio as 4, 


P = + log, 4) - 1.47] [0.80] 

750 

Length of stroke = 2X200) ~ 


77 .5 psi 
22.6 in . 


250 77.5(1.875)C200)C2)4 

^ = §^000 


from which, A = 158 sq in. and d - 14.2 in. 

The required engine dimensions are 22i in. X 14i in. X 
200 rpm. 


TABLE IV 


DESIGN DATA FOR STEAM ENGINES 


ROTATIONAL SPEEDS 


Counterflow engines 
Uniflow engines 


PISTON SPEEDS 

Counterflow engines 
Uniflow engines 


DIAGRAM FACTORS 

Counterflow engines 
Uniflow engines 
Condensing 
Non-condensing 


200 to 350 rpm 
100 to 300 rpm 


600 to 450 fpm 
900 to 600 fpm 


0.70 to 0.85 

0.76 to 0.86 
0.70 to 0.80 


Figure V-8 shows the approximate cost (based on 1936) 
of modern steam engine-generator sets. 



Fraction of Rated Load 
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Fig. V-4. Engine Indicator with diagram. 



Per Cent of Rated Load 

(O. A. Gaffert) 

Type of en^^ine Pull load e per cent 


Pour rotary valves 
Uniflow 

Slide valves (D or piston) 


90 to 92 
90 to 91 
88 to 90 


Fig. 


V -5 . 


Mechanical 


efficiency of ateam englnea. 




► u « t • » * JVL. 


V n i i I « ^ 


fall I o •!“ 


► •If I o • ^ - 


lc#u»t*rflo w - h » I f 1 o • d 


200 300 400 500 
Engine-Generator Set Rating, Kw 


(O. A. Oaffcrt 


Fig* V*6* Engine efficiency of ■team engines* 


K’H 


PV” - const , 



Fig. V-7. Ideal indicator diagram. 

33, Stean. Turb i nes--The steaF. turbire as we know it t 
day has been developed from the machine invented by DeLava 
in 1P82 to run his cream separator. DeLaval’s machine was 
of the single stage impulse type having an extremely hii?h 
rotational speed. C. A. Parsons, an Englishman, invented 
the multistage reaction turbine; Rateau, a Frenchman, the 
pressure ccnipounded impulse turbine; and C. G. Curtis, an 
American, the velocity compounded im.pulse turbine, all of 
which make it possible to reduce rotational speeds to reas 
enable levels. 
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Fig, V-8, Cost of ataoiB ongino»gftnorator ••ta. 


The first commercial turbo-generat or installations 
appeared around 1900, and were of the vertical type to con- 
serve floor space. The largest vextical turbine, a 20,000 
kw unit, was built in 1914, but shortly 
after its initial operation the horizontal 
turbine was introduced in order to elim- 
inate troubles which had been experience^ 
with thrust bearings in the vertical mach- 
ines. By 1930 60,000 kw single cylinder 
machines had been built, but further in- 
creases in size required multi-cylinder 
cross or tandem compound arrangements. The 
largest cross compound unit in existence 
is a three cylinder 1800 rpm machine at 
State Line Station at Hammond, Indiana. 

This machine has a rated capacity of 
208,000 kw, and consists of one high pres- 
sure and two low pressure cylinders with 
(p«v*r) separate generators and steam reheating 
between high and low pressure cylinders. 
Manufacturers now are confining their pro- 
duction of compound machines to the tandem 




PRIME MOVERS 


75 


type in capacities of froin 40,000 to 100,000 kw and with 
speeds of 3600 rpm. The 3 600 rpm irachines are attractive 
because of their saving in space over the 1800 rpm machines . 


All of the basic types of turbine 
country, and are more or less character 
manufacturers. All is~Chalirers produces 
the Parsons reaction turbine; Westing- 
house produces a combination machine, 
usually with one Curtis velocity com- 
pounded stage followed by Parsons stage 
and General Electric makes what they ca 
the Curtis turbine, but which at presen 
is really a Rateau pressure compounded 
turbine, sometimes with an initial Curt 
stage. DeLaval still builds the single 
impulse stage machine with reduction 
gearing. Figures V-9 through V-13 show 
the various types of staging, with pres 
sure and velocity relations for the 
steam . 


are built in this 
istic for the various 



( p o «• r ) 

Fig. V-IO. Curtii 
velocity compound 
ed ttaging. 


34, Engine Efficiencies and Willans* Line for Steam 
Tur b i nes-“Steam turbines for power plants are divided into 
two classifications: auxiliary or mechanical drive turbines, 
and turbines for generator drive. 


Mechanical drive turtines are made 
in sizes from five to 2,00C hp and are 
used for driving fans, pumps, etc. They 
have from one to three velocity compound- 
ed stages and exhaust at a back pressure, 
ordinarily to the open heater in the 
feed-water system. They are not very 
efficient due to the small ratio of blade 
speed to jet velocity, but where process 
steam or steam for feed-water heating is 
required they can often be justified for 
continuous service. In other cases they 
are used for emergency service. Figure 
V-14 shows the variation in overall en- 
gine efficiency (including mechanical 
efficiency) for typical mechanical drive t 



( P o V • r ) 


Fig. V-11. Parson! 
reaction staging. 

urb ines . 


Turbine'S for generator drive are made in sizes from 800 
kw capacity upwards to a maximum of about 100,000 kw . All 
major manufacturers have adopted the A .8 .M .E .— A . I .E .E . Stan- 
dards for Turbo-Generators which are shown in Table V. 
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( P o * • r ) 



( Po « • r ) 


Fig. V-12. Rateau 

preasure compounHer^ Fig. V»13. Curtla-Paraona 

staging. staging. 


TABLE V 

AIFE-ASWE'STAl^rAPriZEr TURBI^E GENEFATOP UNITS 
P600 rpm, 60 cycles^ 3 phase 



1 Stngle-^^sing, Single-flow Turbine | 

Tandem-compound, Double-flow Turbine 

Air-cooled 

Generator 



Hydro 

1 

gen-cooled Generator 

1 

11.500 Kw 

1 5,000 Kw 

20,000 Kw 

30,000 Kw 

40,000 Kw 

60,000 Kw 

1 

Throttle pressure, lb gage 

600 

850 

850 

850 

850 1 1250 

, 850 1 1250 

Throttle temperature, deg F 

825 

900 

900 

900 

900 1 950 

900 1 950 

Exhaust pressure, in. Hg. abs. 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Turbine capability, kw 

12,650 

16,500 

22,000 

33,000 

44,000 

66,000 

Number of extraction openings 

4 

4 

4 

5 

5 

5 

Saturation temperature at Ist 

175 

175 

175 

175 

175 

175 

openings at turbinc'gen' 2nd 

235 

235 

235 

235 

235 

235 

erator ratings with all 3rd 

285 

285 

285 

285 

285 

285 

extraction openings in 4th 

350 

350 

350 

350 

350 

350 

service, deg F 5th 

— - 

— 

— 

410 

410 

410 

Generator kva 







Air-cooled generator 

13,529 

— ■ 

— 

— 

, — 


Hydrogen-cooled generator 







0.5 lb hydrogen pressure 

— 

17,647 

23,529 

35,294 

47,058 

70,588 

15.0 lb hydrogen pressure 

— 

20,294 

27,028 

40,588 

54,117 

81,176 

Power factor 

0.85 

0.85 

0.85 

0.85 

0.85 

0.85 

Short-circuit ratio 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 


Figures V—IL and V— 16 shov; the approxirate overall en- 
gine efficiencies (including mechanical and generator effic- 
iencies) to be expected from small turb o— generators , both 
condensing and non— condens ing . 












Overall Engine Efficiency 
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Inhere it is necessary to 
es t inra te irechan ical and ^ener a t or 
efficiencies in order to predict 
the turbire expansion line, the 
follcv/ir^ empirical formulae will be useful: 

For 1800 rpm machines: em = 1.00 - 0 .026 (Rating ) 


= 0.9885 - 


/Rated kw/1000 (Load) 
0 .0685(Ra ting ) 


/Rated kw/1000 (Load) 




Load Correction Factor 
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For 3600 rpm machines: e^ = 1.00 - ^ (Ratir ^ 

/Rated kw/lOOO (Load) 

^ = 0 96 0 .019 (Rating ) 

^ /Rated kw/lCOO (Load) 


Per Cent of Rated Load 



ICO 200 300 

Superheat, deg F 


400 


500 


Fit. V - 1 8 . 


Engine efficiency correction fectore for turbine*. 
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Small Turbo-Generator Set Rating. Thousand Kw 



Large Turbo-Generator Set Rating, Thousand Kw 

CO . A. Oa r I • r t ) 


Fi*. V-19, T u rb 0 • s en • r « t o r coat data. 

The likeness of a throttle-governed turbine to an orifice 
having the back pressure less than the critical makes it poss- 
ible to predict extraction pressures at any partial load if 
they are knov/n for any one load. It can be assumed, with very 
slight error, that the back pressure remains constant, and 
that the first stage and extraction absolute pressures will 
vary directly with load. With this relation it is possible 
to estimate part-load performance of a turbine, providing the 
expansion lines are known. The full load expansion line can 
be estimated quite closely, if the initial and final con- 
ditions are known, by referring to Figure V-20, Connect the 
initial and final steam conditions on the Mollier diagram by 
a straight line; move along the saturation line to point B 
which is 20 Btu per pound greater than point A, the inter- 
section of the straight line with the saturation line. Con- 
nect the initial and final conditions with a smooth curve 
through point B so that the slope decreases gradually from 
the initial to the final conditions. The extraction con- 
ditions can then be located at the intersections of the pres- 
sure lines with the expansion lines. For part-load expan- 
sion lines, the curve will be of the same shape from the in- 
itial condition but with point X displaced to the right. A 
ship curve is excellent for drawing expansion lines. 
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The curve of 
Dtal steam flow vs 
itput for a turbine 
5 a straight line 
called milans ^ 
ine), and can be 
stimated from engine, 
jchanical and gen~ 

"ator efficiency ^ 

ita. The slope of 
le line is constant 
ily so long as a 5 

ingle throttle valve ^ 

3 employed. As add- 
tional valves open 
le slope becomes 
teeper. Example 7 
bows the method of 
stimatirg Willans* 
ine and the expany 
ion lines for a sin- 
le valve turbine. 

Examp 1 e 7 • 

A 2500 kw turbo-generator operates at 3600 rpm with 
team to the throttle at 400 psig and 750 P and exhausts at 
in. Hg abs. Estimate the non-cxtraction Willans' lire. 

olution : 

Prom Pigure V-15, the full load overall engine effic- 
ency is estimated to be 0,68. Prom Pigure V-IB, the super- 
eat correction factor is found to be 1.017 (superheat 206P) 
nd the following table is made: 


Load 

Eng. eff. 

supht . 

load 

corr . 


full load 

corr . 

corr . 

eng, eff 

Full 

0.68 

1.017 

1.000 

0.69 

0.76 

0.68 

1.017 

0.976 

0.67 

0.60 

0.68 

1.017 

0.940 

0.66 

0.26 

0.68 

1.017 

0.820 

0.67 


The expansion lines are drawn as in Pigure V-21, and 
rom these lines the work output per pound of steam can be 
etermined as: full load, 320 Btu; 0.76 load, 298 Btu; 0.60 
oad, 274 Btu; and 0.26 load, 216 Btu. Prom these work out- 
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Fig. V>21. Turbine eicpansien lines for Bxaieple 7. 

puts^ the steaii flows to the throttle at the various loads 
can be con-puted froir' the relation: 


Throttle flow, Ibs/hr 


34ir-(2500)(lcad frac . ) 
Work, Btu/lb 


Flews from this relation are: Full load, 26700 Ibs/hr; 
0.75 load, 21450 Ibs/hr; 0.50 load, 15600 Ibs/hr; and 0.25 
load, 9880 Ibs/hr. Willans' line is plotted in Figure V-22. 

Note: The e;<pansion lines ir Figure V-21 are "apparent" or 

based on the overall engine efficiencies. For the true ex- 
paftsion lines which give the actual enthalpies of the steam 
to the condenser, see Example 8. 


Example 8 shows the method of calculating the approx- 
imate heat balance for a regenerative cycle using the steam 
turbine of Exan'ple 7 . 

Ex amp 1 e 8 . 

The turbo-generator of Exanple 7 is placed in a regen- 
erative cycle. One closed heater is used with the extraction 
point in the turbine located so that the extraction pressure 



PRIME MOVERS 


85 



0 500 1000 1500 2000 2500 

Load, Kw 


Pig, V-23. Villana* linas for Exaipples 7 and 8* 

is 5 psia at 0.25 load. One open heater is placed in the 
cycle so that the extraction pressure is 16 psia at 
load. The arran^^eirent is similar to that in Figure IV- 8 V. 0 / 
Neglect puBT'p work. Make a heat balance and estimate the 
extraction Willans' line. 


Solution : 


The expansion lines and engine efficiencies of Example 
7 were on the overall basis. In order to estimate the ex- 
traction performance it is necessary to estiirate the mech- 
anical and generator efficiencies and to replot the expan- 
sion lines. 


= 1.00 


0.96 


- [ 


0 .04( rating) 
/26CO/1COO Uoad) 

0 .0l9(.rating) 


r2500/1000 (load) 


] 




Load 

overall 

mech . 

gen . 

internal 


eng. eff. 

eff. 

eff. 

eng . eff 

Full 

0.69 

0.975 

0.946 

0 .749 

0.75 

0.67 

0.966 

0.941 

0 .727 
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Load 

overall 
eng. eff. 

mech . 
eff. 

gen. 

eff. 

internal 
eng. eff 

0.50 

0.65 

0.949 

0.932 

0 .736 

0.26 

0.57 

0 .899 

0.904 

0 .702 


The expansion lines are plotted in Figure V-23 and the 
extraction enthalpies determined, remembering that the ex- 
traction pressures are directly proportional to load. The 
following table is set up to aid in the calculation of ex- 
traction quantities: 


Load 

Hi 

Hio 

H 3 

He 

He 

H'«^ 


Hiif, 

Full 

69 .0 

196.2 

190 .2 

266.4 

1387 

1224 

1150 

1040 

0 .76 

69 .0 

181.1 

175.1 

247.5 

1387 

1240 

1169 

1059 

0 .50 

69.0 

161.2 

155.2 

222.6 

1387 

1245 

1175 

1077 

0.25 

69 .0 

ISO .1 

124.1 

184.4 

1387 

1262 

1195 

1120 



Fig. V>23. Turbine expansion lines for Example •. 

It should be noted that it was assumed in setting up 
the proceeding table that H3 is 6 Btu/lb less than Hio^ 
to the use of a closed feed-water heater. -Also, in order to 
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avoid the necessity of solving for E 4 ., the drip from the 
closed heater is assumed to be pumped diredtly to the open 
heater . 


The extraction quantitii 
use of the equations in Sect 

Pull load: 

M,^(1224 - 266.4) = (l ~ - 

M^(1160 - 196.2) = (1 - M,^ - 

U^A = 0.07 3 

0.76 load 0.068 

0.60 load 0.062 

0.26 load 0.053 


js, and can be found by 

Lon 25, as follows: 


M^)(266.4 - 190.2) 

-L M^(266.4 - 196.2) 

M^)(190.2 - 69.0) 

Mff - 0.104 lb/ lb to throt . 
0.099 
0.074 
0.047 


Work output to the turbine shaft per pound of steam to 
the throttle is then calculated, as follows: 

Pull load: 


W/J = (1387 - 1224) 4 0.927(1224 - 1160) 4 0.823(1160 - 1040) 
W/J 


0.76 load 
0.60 load 
0.26 load 


322.0 Btu/lb to throttle 
304.8 

292.3 

256.0 


Thr(5ttle flows are: 


Pull load: 

0.76 load 
0.60 load 
0.25 load 


3413(2500) 

322.0(0.975)(0.946) 


= 28750 lbs/ hr 


23100 

16500 

10260 


Extraction and condenser flows are: 


Load 

open 

closed 

conden- 


htr . 

htr . 

ser 


Ibs/hr 

lb s/hr 

Ibs/hr 

Full 

2100 

3000 

23700 

0.76 

1570 

2290 

19240 
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Load 

open 

closed 

conden- 


htr . 

htr . 

ser 


lb s/ hr 

Ibs/hr 

Ibs/hr 

0.60 

1027 

1225 

14298 

0.26 

545 

481 

9234 


The Willans' line for extraction operation is plotted 

in PifJ’ure V— 22 . 
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CHAPTER VI 


CONDENSERS, FEED-V^ATER HEATERS AND EVAPORATORS 


35. Condenser s--The purpose of the condenser in a vapor 
cycle is prirrarily to lower the temperature of the prime 
mover exhaust so that the thermal efficiency of the cycle 
can be increased. Due to the nature of steam, operation of 
the condenser at a temperature less than 212 F requires that 
the pressure /vithin the condenser be less than atmospheric. 
Operation of condensers at sub-atmospheric pressures requir- 
es the use of vacuum pumps to remove the air which unavoid- 
ably leaks into the condenser and which, if not remioved, 
would make it impossible to maintain the lew exhaust temper- 
ature . 

Condensers may be divided into two general classes: 
mixing condensers and surface condensers. The most import- 
ant type is the surface condenser which allows the reduction 
of exhaust temperature while at the same time allowing the 
recovery of the condensate. The mixing condenser is able 
only to lower the exhaust temperature without recovering the 
c ondensate . 

36, Mixing Condenser 8--Mix ing condensers may be either 
of the jet type or of the barometric type. The jet type de- 
pends upon the aspirating action of a jet of water to con- 
dense the steam and to remove the air from the condenser. A 
typical jet condenser is shown in Figure VI-1. The use of the 
jet for aspirating air requires more pump power for a given 
vacuum, but a separate vacuum pump is not required. The bar- 
ometric condenser utilizes a leg of water to provide the 

seal for the condenser rather than power from a pump as in 
the jet condenser. The barometric condenser is always provid- 
ed with a vacuum pump for air remioval. A typical barometric 
condenser is shown in Figure VI— 2. With 70 P cooling water, 
about the best vacuum which can be maintained with a mtixing 
condenser is 28 inches of mercury. Due to the fact that the 
volume of the condenser is small in relation to the amount 
of steami and water handled, the mixing process does not reach 
equilibrium and the temperature of the mixture leaving the 
condenser will be about 5 P less than the saturation temper- 
ature corresponding to the pressure in the condenser. The 
follov;ing equations can be written for the mixing type con- 
denser, considering it a steady flow device with no shaft 
wor k : 
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M.(K, - H^) = M„(H„ - H,) 

where: = weight of condensing water, Ibs/hr. 

= weight of steam, Ibs/hr. 

= enthalpy of mixture leaving the 
condenser, Btu/lb. 

= enthalpy of steam entering the 
condenser, Btu/lb . 

= enthalpy of cooling water, Btu/lb. 


1 



Fif. VI’l. J^t condanvar. 

37. Surface Condenser s--The surface condenser has the ad 
vantage of making it possible to save the condensed steam for 
use as boiler feed, but keeping the condensing steam separate 
from the cooling water requires that the heat be transferred 
through a dividing wall. This necessity complicates the de- 
sign of condensers by making it necessary to take into ac- 
count the resistance of the dividing wall to heat flow. Two 
methods of calculating condenser size are available: calcu- 
lating from the known and estimated resistances to heat flow 
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Fig« VI-2. B«rem*trie condenser. 

of the various elements in the heat flow path; and estimating 
from empirical data of the Heat Exchange Institute. 

Surface condensers will be made in as many shapes and 
designs as there are manufacturers, the only sirrilmrity be- 
ing in the existence of water boxes, tubes, a shell and a 
iiotwell. Figure VI— 3 shows a typical surface condenser with 
its various parts. 
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38. Heat Transfer in Surface Condenser s--Heat transfer 
in surface condensers is accompliehed entirely by conduction, 
and consideration of the process will reveal that the heat 
must pass first through a film of water forc’ed by the con- 
densing steam, then in succession through the tube, scale 
from compounds and dirt deposited by the cooling water and 
finally through the boundary water film on the cooling water 
side of the tube. Figure VI-4 shows the heat paths in re- 
lation to a conventional condenser tube in which the tube 
conveys the cooling water and is surrounded by the steam. 


B t m mm Filn 




(a) Tube (b) Temperature Trcps 

Fig. VI«4. Temperature relations 
in heat transfer through condenser 
tube. 


The outside and inside diameters of the tube are the only 
definitely measureable distances in the heat path. It can 
be seen that the heat flow path is similar to series resis- 
tances in an electrical circuit, that is: 


R = R + R + R 

V t >3 n 


where : R 

Rv 

R* 

R. 

R. 


total resistan 
resistance of 
resistance of 
resistance of 
resistance of 


ce to 

heat flow 

steam 

film 

tube 


water 

film 

scale 



If the individual resistances to heat flow are defined 
in terms of the thickness and area of each element. 
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where : R 
1 
K 

S 


f etc. 

Vi 

resd s tance ^ (hr ) (dei^ F)(sq ft)/Btu 
thickness in feet 
thermal conductivity^ 

Btu/(hr)(sq ft)(de^ P)(ft) 
area, sq ft 


and if l/R is called the overall heat transfer coefficient U 
and S allowed to be one square foot. 


U 


4 4s 


4 


1 

K 


tt 

u 


As previously mentioned, the only readily determined 
dimensions are the inside and outside diameters of the tube. 
Furthermore, the area of condensing surface is always meas- 
ured on the outside diameter of the tube . For these reasons 
all areas are corrected to the outside area of the tube, so 
that if all elements in the heat flow path except the tube 
are considered to have no thickness. 


V 



>0 + D.TiC,) D, 



4 1 


tt 

a 


where: and D. are the outside and 

0 t 

inside diameters of the tube 


It is not possible to determine 1/K for any resistance 
except the tube wall, so empirical formulae based on ration- 
al concepts of heat flow are employed. Substitution of 1/h 
is made for the vapor film, scale and water film, so that. 


U -• 


2D. 


To + 




Di h,, Di b 


The value of h for the vapor film is dependent princi- 
pally on the amount of air dissolved in the film. Nusselt 
and others have found that this value varies between 16C0 
and 3000, and in the absence of better data a value of 2000* 
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may be used. 

Table VI shows approximate values of K for several mat- 
erials which are commonly used for heat transfer surfaces. 

TABLE VI 

THERMAL CONFUCTIVITY OF METALS 
Btu per hr(sq ft)(deg F)(ft) 


Pure copper 220 
Aluminum 118 
Brasses (Admiralty^ Muntz> etc.) £8 
Steel 30 


The amount of scale present in tubes is hi^^hly variable, 
depending upon the type of water and the season of the year, 
among other factors . For purposes of estimation, h for the 
scale may be taken as ranging between 4000 for favorable con- 
ditions and 2000 for unfavorable conditions, with an average 
of about 3C0C. 

The value of h for the water film may be calculated from 
Nusselt’s equation, with water velocity between 6 and 9 feet 
per second, as follows: 

^ 93.6(1 + 0.01 t)V''*® 


where: t - arithmetic mean water 
temperature, deg F 
V = water velocity, ft/sec 

= inside diameter of tube, ft 

Table VII gives the most useful size constants for tubes 
of various thicknesses and diameters . 

After having found the vallie of U for the condenser, the 
total surface required may be found from the relation. 



where: A = total area, sq ft 

0, = heat transferred, Btu/hr 
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U * overall heat transfer 
coefficient 

t = mean temperature difference 
w 

between steam and water, deg F 


TA3LE VII 


FTAFPARr rONFEFSER TUBE DATA 


OD 

Thickness 

ID 

Outside 

Inside 

in . 

BWG 

in . 

ir . 

surface 
sq ft/ft 

sectional 

area 

sq ft 

5/8 

16 

C.066 

0.495 

0.1636 

0,00134 


18 

0.049 

0.527 

0.1636 

0.00152 


2C 

0.035 

0.555 

0.1636 

0.00168 

3/4 

14 

0.08: 

0.584 

0.1963 

0.00186 


16 

0.065 

0.620 

0.1963 

0.00210 


18 

0.043 

0.652 

0.1963 

0.00232 

7/8 

14 

0.083 

0.709 

0.2291 

0 .00274 


16 

0.065 

0,745 

0.2291 

0.00303 


18 

0.049 

0.777 

0.2291 

0 .00329 

1 

14 

0.083 

0.834 

0.2618 

0,00379 


16 

0.065 

0,870 

0.2618 

0.00413 


18 

0 .049 

0.902 

0.2618 

0.00444 


The value of the mean temperature difference is some- 
what different fron' the arithmetic mean temperature differ- 
ence due to the fact that the temperature rise of the water 
is not a straight line function of the distance traversed by 
it. Figure VI~5 illustrates this point. It can be shown 
that 


where : 


t 



mean temperature difference 
between steam and water, deg F 
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= temperature of steam, de^ F 
t and t «= inlet and outlet cooling 

“ t * 0 

water temperatures, deg p 



It is reces- 
sary to have a 
temperature diff- 
erence between 

the steam and the I t« !=:4t'w_ 

outlet cooling 
water in order to 
roainta in heat 
flow. This diff- 
erence in temper- 
ature is called 
the terminal 
difference, and is 
usually from 5 to 
1C F for surface 
condensers, the 
smaller applying 
to two pass and 
the larger to 
single pass de- 
signs, Refrig- 
eration or reheating (according to the design of the conden- 
ser) is encountered with the water leaving the hotwell. This 
action will have to be taken into account in the computation 
of the heat transferred, but it must be ignored in the com- 
putation of the mean temperature difference because of the 
smallness of the effect of removal of sensible heat in the 
condenser. In well designed condensers refrigeration will 
not exceed 5 F, and some designs will actually reheat as much 
as 2 F . 


Fi I 
h e I 


VI’S. Tcipperaturt relations In 
tranafer through condenser tube. 


Example 9 shows the method of calculating the principal 
dimxensions of a surface condenser for the regenerative cycle 
of Example 8. 


Example 9. 

Estimate the principal dimensions of a surface conden- 
ser to serve the turbine of Example 8. Inlet cooling water 
temperature 72 F, terminal difference 8 F. Use 3/4" X 18 
BWG aluminum brass tubes with a water velocity of 8 fps. 
Assume h^ = 3000. 
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Solution : 


From Example 8, the condenser flow at full load is 
23700 lbs per hour, and the heat removed in the condenser is 
(1C40 - 69) = 971 Btu/lb. The temperature of the steam in 
the condenser is lOl F. 

a = 23700(971) = 23,000,000 Btu/hr 


= (ICI -- e) ~ 72 

101 - 72 

^°^'*101 - (101 - 8 ) 


21 

, 29 

log.-g 


16.3 F 


ha == 


93.6[1 + 0,01(82.5)] [81'^ 
[C.662/12]°-* 


= 1615 


U = 


2000 


4 [■ 


1.5 


.1 ♦ 


0.75 




r] 4 


0.75 


[- 


0.7540.652 12(58) 0.6623000 0.6621615 


r] 


U 


1 

0.00167 


599 


= 23,000>000. ^ 2360 sq ft 
599(16.3) 

W=t,»r reauired = 33,000,000. ^ 2190 gal/min = 4.88 cu ft/ sec 

Water requirea 21(60)(8.33) 


Flow area - 


4.88 


0.61 sq ft 


Number of tubes 


0 ,61 
U. 00232 


= 264 


Length of tubes = 264(d:i963) " 

The condenser would be too lon^ for a single pass, so 
two passes, each 22'~9^ long, are specified. 

The principal dimensions of the condenser are: 

i^rea 2360 sq ft 

Tube material 3/4” X 18 BWG -Alum, brass 

Number of passes 2 

Active tube length 22'~9” 

Heat duty 23 million Btu/hr 
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39, Commercial Heat Transfer Standards for Surface Con- 
den8er$--Several of the large manufacturers of heat transfer 
equipment have cooperated in setting up the 'Heat Exchange 
Institute with the purpose of standardizing design data for 
this type of equipment. Figure VI-6 shows the curves in use 
for surface condensers. These curves are drawn for tubes 

Temperature of Inlet Water, Deg P 
30 40 50 60 70 fiO 90 100 

Loading, Lb per Sq Ft per Hour 



3456789 10 

Velocity, Feet per Second 

(H««t s«ch«nt« initltut*) 


Fig. VI-S, H««t Exchange Institute design data for 
surface condensers. 

with no scale on the water side. In use, the overall heat 
transfer coefficient from the curves is reduced by a so-call- 
ed "cleanliness factor," which is usually taken as about 
0.80, Two other correction factors, for loading and inlet 
water temperature, are used in addition to the cleanliness 
factor. In commercial practice loading ranges from 7 to 10 
pounds of steam per square foot per hour. Example 10 shows 
the method of application of the Heat Exchange Institute data 
to the determination of the dimensions of a surface conden- 
ser for the same duty as in Example 9. 

Example 10. 

Estimate the principal dimensions of the condenser of 
Example 9 by means of the Heat Exchange Institute data. 

Take the cleanliness factor as 0.86. 



100 


FUNDAMENTALS OF POWER PLANT ENGINEERING 


Solution : 

Prom Figure VI-“6, U = 765, temperature corr . = 1.01, 
loadint^ corr. = 1.0. 

Corrected U = 765( 1 .01 } ( 1 .0 ) (0 .85) = 657 


23,000,000 

657(16.3) 


2150 sq ft 


Cooling water flew and number of tubes would be the 
san e as in Example 9 . 


Length of tubes 


2150 

264(0. 196S)(2) 


20.7 ft 


The principal dimensions of the condenser are: 


Area 

Tube material 
Number of passes 
Active tube length 
Heat duty 


2150 sq ft 

3/4" X 10 BWG Alum . brass 
2 

20 

23 million Btu/hr 


These calculations show that the method of Example 9 
is more conservative than the method of the Heat Exchange 
Institute. 


Feed-Water Heaters--The primary function of feed- 
water heaters, is to utilize extracted or exhaust steam from 
prime movers to increase the temperature of water before 
feeding it to boilers. Feed-water heaters may be divided 
into two general classes: open (or mixing) and closed (or 
surface) heaters. Feed-water heaters are counterparts of 
condensers, the difference being in their smaller size and 
higher operating temperature. 

Open He0ters--T he nane "open heater" often leads to 
a misconception of the operation of this type of heater. 
Actually, an epen heater can operate at any pressure, not 
necessarily atmospheric. All modern regenerative cycles in- 
clude one open heater in the feed-water circuit, so designed 
as to act as a scrubber for deaerating the feed-water before 
it enters the boiler. Deaeration is necessary to remove oxy- 
gen and other gases which are harmful to boilers and piping, 
and which have entered the system by leaking into the conden- 
ser. There are a number of types of deaerating open heaters 
in use, but the most common is the tray type shov/n in Figure 
VI—7. It is Quite comm.on to provide integral or connected 
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storage for deaerated 
feed-water^ as shown in 
Figure VT-8. This stor- 
age is usually about a 
two or three minute sup- 
ply at full load. Often 
additional surge tanks 
are connected through 
overflows and surge pumps 
with the water storage 
section of the deaerating 
heater to provide add- 
itional ernergercy storage 
tor unusual conditions. 

The same consider- 
ations of heat balance 
apply to open heaters as 
to mixing condensers. 

Well proportioned deaer- 
ating heaters will pro— 

duce water with alirost VI.7. Tr.y typ. d..er.tlnK 

, , . . • feeo»»*terhe«t«r, 

immeasureab le quantities 

of dissolved gases and 

with practically zero terminal difference. 

42. Closed Heaters — Due to the fact that the water is 
separated fron the steam in a closed heater, it is possible 
to operate them at high water pressures in relation to the 
steam pressure. Figure VI-9 shov/s a section of a typical 
closed feed-water heater. 

The same considerations of heat transfer apply to closed 
feed-water heaters as to surface condensersL Because feed- 
water heaters operate with relatively clean tubes, the val- 
ue of h for scale can be taken to be about 6000. Following 
are the terminal differences to be expected in good heater 
designs : 

Temperature of Terminal 

exit feed— water difference 

deg F ^ 

86 - 230 
230 - 300 
300 - 400 
400 - 525 


10 

15 

20 
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Hester Capacity, 
Thousand Lb per Hr 


1 


w«t«r Level 


Fig. VI>8. Deaign data for doaerating feed-aatcr haatera. 

Refrigeration in the hotwell of horizontal heaters will 
be of about the same magnitude as for surface condensers, 
but will be from 1C to 15 F for vertical heaters. Water 
velocities are somewhat smaller than for surface condensers, 

ranging from 3 to 8 
feet per second. Th 
drainage from closed 
heaters is usually 
flashed to the next 
lower heater in the 
circuit, while the 
drainage from the 
first closed heater 
(Ai.. cp.) jjg either pur,ped 

• to the condensate 

Fig. VI>9. Closed feed'Vater heater. line before t he 


Closed feed'Vater heater. 
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deaerating heater or flashed to the hotwell of the condenser. 
The heater air offtakes are connected to the condenser 
through flow limiting orifices. 

Commercial closed heaters are designed using Kittredge’e 
data from Figure VI-10. 
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Exanples 11 and 12 show the method of computing the 
principal dimensions of a closed feed-water for the regen- 
erative cycle of Example 8. 

Examp 1 e II. 

Specify the principal dimensions of a six-pass closed 
feed—water heater to serve the regenerative cycle of Example 
8. Terminal difference 6 F. Use 5/8” X 16 BWG Admiralty 
brass tubes. Water velocity 6 ft/sec and h,^ = 6000. 

Solution : 

Prom Example 8, the extracted steam to the closed heat- 
er at full load is 3000 Ibs/hr and the heat given up by the 
stean. is (1150 - 196.2) = 953.8 Btu/lb. The temperature of 
the steam in the heater is 228 F; water temperature to the 
heater lOl P and from the heater 222 F. 

Q = 3000(953.8) = 2,860,000 Btu/hr 

222 - ICl 121 „ 

228 - 101 " , 127 ” ^ 

°f'e228 - 222 6 


93.6[1 + 0.01(161.5;] [6] *• 
[0.496/12] “•* 


= 1945 


U = 


2000 


+ [ 


1 . 2 ? 




0.62540.495^ ^12(58) 
U = 68 4 


0 .625 


0.495 6000 


-J 4 


0.625 


0.495 1945 


r] 


2,860,000 
684(39 .7) 


10 5 , 5 s q ft 


Water flow = condenser flow = 23700 Ibs/hr 
23700, 


3600 


(0.0164) = 0.108 cu ft/sec 


0,108 

Flow area = -z = 0.018 sq ft 


Number of tubes = 


0.018 

0.00134 


= 14 pej pass 


Length of tubes = 


105.5 

14(0.1636)(6) 


= 7 .68 ft 
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The principal dimensions of the feed-water heater are: 

Area 105.5 sq ft 

Tube material 5/8” X 16 BWG Adm . brass 

Number of passes 6 

Active tube length 7 ' -8 ” 

Heat duty 2.86 million Btu/hr 

Example 12. 

Estinate the area required for the closed feed-water 
heater of Example 11 by means of the Kittredge data. 


Solution : 


Usin^ Figure VI-lO, R 


222 - 101 


- 0.953. 


= 3.0 


and 13 = 760. Prom Example 1C, M = 23700 Ibs/hr, then. 


23700(3.0) 


= 107 sq ft. 


This area is quite close to the area determined by the 
method of Example 11. 


^3. Vacuum Pumps--As previously mentioned, a condenser 
must be supplied with some sort of air removal apparatus. 

The usual equipment consists of steam ejectors with suitable 
coolers, although 
some plants niake 
use of mechanic- 
al air pumps . 

Figures 

VI-11 and VI-12 
show some de- 
tails of the 
steam ejector 
type of vacuum 
pump, and Fig- 
ure VI— IS shows 
some operating 
characteristics . 

The size of the 
vacuum equip- 
ment will de- Air to Atvoiphere 

pend upon the 
air leakage to 
be expected. 



Fig . 


V I - 1 1 . 


Steam jot vacuum pump. 



Back Pressure, ir. abs 
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<Allli-Ch.lm®r. Co.) 


Fig. Vl-13. Steam jet 
vacuum pump. 


which in turn depends upon the 
size and type of condenser. Fig- 
ure VI-14 shows the approximate 
maximum air leakage to be ex- 
pected , 

44. Water Cooling Equipment 

--Plants must often be located 
where an abundant source of con- 
denser cooling water is not 
available. In these cases it is 
necessary to provide a spray pond 
or cooling tower and to use a 
closed circuit for the cooling 
water. Both s pra y po nds.„ and 
cooling towers depend upon the 
evaporation into the air of a 
part of the water to be cooled. 



Per Cent of Rated Capacity 


Fig. VI-13. 


Ejector operating characteristic!. 
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0 200 400 600 800 
Condenser Capacity, thousand lbs per hour 

Fit* Vl- 14 , Maximum e*p«ct«d cftndanier air leakage. 

Spray ponds are wasteful of ground space because they 
depend upon natural air motion for their effective operation 
Cn the other hand, they are relatively inexpensive to oper- 
ate because they only require enough power to produce a pres 
sure of about 10 pounds per square inch at the spray nozzles 
Figure VI-15 shows a spray pond with the nozzles arranged in 
clusters, each 
cluster having a 
capacity of about 
200 gallons per 
minute... It can 
be estimated that 
a spray pond will 
require about one 
square foot of 
ground area for 
each 250 pounds 
per hour of water 
to be cooled . 

The depth of the — 

j J Kc. (Blnk. M f • * Co.) 

pond need not be 

greater than three Fig. vi-is. sproy pond, 

feet . Figure 

VI-16 shows some typical spray pond performance data. 
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Fig. VI-16. Spray ponH performance. 

Cooling toner's of the forced or induced draft types are 
much more economical of i^round space than the spray pond be- 
cause they do not depend upon natural air motion for their 
coolinf^ effectiveness. In either type the water is broken 
into drops by being allov/ed to impinge upon wooden packing 
in the tower. The air flows through the falling water drops. 
The tov/er requires sufficient pump pov/er to raise the water 
to the distributing troughs at the top, and sufficient fan 
power to move the required amount of air. Figures VI-17 and 
VI-lP shov; forced and induced draft towers, and Figure VI-19 
shows some typical perforn.ance data. 

45. Evapor ator s--Sirce regenerative cycles operate with 
the same water continuously and leakage is slight, it has 
been found advantageous to use evaporators to produce dis- 
tilled water tor the small amount of makeup required. Make- 
up requirements vary from about two to five per cent, depend- 
ing upon a number of factors such as the amount of boiler 
blowdown and auxiliary steam unrecovered. The makeup water 
might be irtroduced directly to the boiler as raw or treated 
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Pira] Water Temperature, de^ P 


Fig. VI-19, Forced and Induced draft 
tower performance. 

erative cycle. It will be noted that the only heat loss from 
the system is due to the necessary blowdown from the evapor- 
ator shell. Figure VI— 21 shov/s one of the usual types of 
evaporator . 

In process industries which perforin evaporation on a 
product, multiple effect evaporator systems are used because 
of their economy of operation. Figure VT-22 shov/s a typical 
quadruple effect system with a finishing pan for the produc- 
tion of citrus molasses. It will be noted that the vapor 
from a proceeding effect is used as a source of heat for 
successive evaporations. The evaporators are of the long 
tube type with vapor separating heads. In this type of evap- 
orator the liquid flows inside the tubes. In the first four 
effects the circulation is natural, and in the finishing pan 
a pump forces circulation. Figure VI-23 shows long tube 
types of evaporator. 








42 M lbs 
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Clrsulatlnc Pu»i> 

(a) Natural (Circulation (b) Forced Circulation 

Fig. VI-23. Long tube evaporator*. 
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PROJECT I I 


1. The power plant of Project I is to be designed 
around three turbo-generator units. One of the units will 
operate continuously, one unit will be operated to handle 
peak loads and the remaining unit will be a spare. The 
plant will operate on the regenerative cycle with one closed 
feed— water heater and one evaporator vapor condenser per. 
machine. There will be one evaporator and one deaerating 
feed-water heater common to all machines. Boiler blowdown 
is fed to the evaporator shell. The flew diagran is shown 
in Figure VI-24. 

It is expected that boiler and evaporator blowdown will 
each be five per cent and makeup will be two per cent. The 
open heater and evaporator will be supplied with steam from 
extraction points in the turbines so located that at full 
load the water temperature leavirg the open heater will be 
at the most economical value. The closed heaters will be 
supplied with steam from extraction points in the turbines 
so located that at full load half of the feed— water temper- 
ature rise will be supplied by the open heater. Throttle 
conditions are: 350 psig, F. Back pressure is 2.5 in. 

Hg abs . Refrigeration in the condenser hotwell is 2 F and 
terminal difference in the open heater is zero. Make heat 
balances for the plant at full and half load (two machines 
operating ) . 

2. Specify the principal dimensions for a surface con- 
denser to serve one of the turbines of part one. The aver- 
age temperature of the inlet cooling water is 85 F. Use 
3/4” OD X 18 BWG Admiralty metal tubes with a water velocity 
of 7 ft per sec. 

3. Specify the area of an induced draft cooling tower 
to serve the condenser of part two. Design wet bulb temper- 
ature is 78 F. 

4. Specify the principal dimensions of a closed feed- 
water heater to serve oneof the turbines of part one. Use 
5/8” OD X 16 BWG Admiralty metal tubes with a water velocity 
of 5 ft per sec. Maximum tube length is six feet. 

5. Specify the principal dimensions of the deaerating 
feed-water heater for the regenerative cycle of part one. 




Fif. VI. 24. Flo 






CHAPTER VII 


FUELS AND CDHBUSTION 


46. The variety of fuels used for the production of 
power is large, and the type used in any particular locality 
is always dependent upon econoiric factors. The most import- 
fuels for commercial power production, in order of import- 
ance, are: coal, natural gas and fuel oil. Process indus- 
tries often make use of cellulosic wastes as fuel. 

47. Coal --Coal is a product of fermentation of vegetable 
matter laid down in prehistoric times. In this country, 
coal is found in almost every State in various phases of the 
evolutionary process. The most important coals for power 
production are the bituminous and semi— bituminous types, but 
some use is made of lignite and anthracite which are respect- 
ively younger and older than bituminous coal. 

Coal is made up of moisture, volatile matter, fixed car- 
bon and ash. The proportions of moisture and volatile matt- 
er decrease as the age of the coal deposit increases. Vol- 
atile matter consists of hydrocarbons which have a greater 
heating value than carbon on a weight basis, but which are 
more difficult to burn in small furnace volumes. Table VIII 
shows the analysis of some of the more important coals, both 
in the proximate form (fixed carbon, volatile, ash and mois- 
ture) and in the ultimate form. 

48. Fuel Oil--The fuel oil ordinarily used in the pro- 
duction of eleatrical power is residuum from petroleum re- 
fining opera'tions. Petroleum is found in large areas through 
the United States and South America, and is also a product 

of the fermentation of vegetable matter laid down in past 
ages . Its prircipal difference from coal is the almost com- 
plete absence of fixed carbon and ash. Table IX shows some 
analyses of typical fuel oils. The most important sources 
of fuel oil for the United States are the Pacific and Gulf 
coasts and Venezuela. 

49. Natural Gas--Natural gas is principally a by-prod- 
uct from petroleum wells, although much gas is removed from 
the earth's crust through wells which are not connected with 
petroleum operations. Natural gas is a product of the fer- 
mentation of vegetable matter to produce coal and petroleum. 
Table X shows some analyses for natural gas. 
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EOt Combust i on--The process of combustion of fuels is 
one of rapid oxidation of the carbon, hydrogen and sulphur 
which it contains. In order to calculate the amount of air, 
which is the source of oxygen, for combustion, it is neces- 
sary to know the ultimate analysis of the fuel. Since the 
combustion process takes place too rapidly to reach equilib- 
rium, it is always necessary to supply more than the theo- 
retical amount of air. The air supplied in relation to the 
theoretical air is known as the total air, while that sup^ 
plied above the theoretical air is called the excess air. 
Both total air and excess air are expressed as percentages 
by weight of the theoretical air. Examples 13 and 14 show 
the method of making combustion calculations for each of the 
principal types of fuels. 

Example 13. 

Determine the weight of air required for theoretically 
perfect combustion and the flue gas analysis for t fuel 
with the following analysis by weight: C = 0.8339; 

H = C.0428; 0 = 0.0283; N = 0.0103;, S = 0.0064; moisture 
= 0.025; and ash = 0.0533. Also, determine the weight of 
air required and the flue gas analysis for combustion with 
30 o/o excess air. 

Solution : 

The combustion reactions are: 

C 4 O 2 — ►COg, O 2 = 2.67 C, CO*- = 3.67 C 
H* + ^ 0*r~— ^H*0, 0* = 8 H, H*0 = 9 H 

S + 0* — ^SO*, 0* = S, SO*- = 2 S 

N* from air * 3.31 0* from air 


Theoretically perfect combustion: Basi's, one lb fuel. 


Const . 

weight 

0*- 
req . 

prod . 

wght . 
prod . 

mol , 
wt . 

. mols. 

anal, by 
vol . wet 
0/ 0 

anal . by 
vol. dry 
0/0 

C 

0.8339 

2.230 

CO. 

3.060 

44 

0.0696 

17.70 

18.78 

H 

0.0428 

0.342 

H.O 

0.385 

18 

0.0214 

5.80 


0 

0.0283 

-0.028 







N 

0.0103 


N,' 

C.OlO 

28 

0.0004 

76.50 

81.22 

S 

0.0064 

0.006 

SO,' 

0.012 

64 

0.0002 



moist . 

0.0250 


H,0 

0.025 

18 

0.0014 



ash 

0.0533 
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weight 

O 2 

req . 

wght . 
prod . 

mols , 


1.0000 

2.550 

3.492 

0.0930 


'Nj air 

8.440 

8.440 

0.3010 


Totals/ lb 

10 .990 

ll.o>32 




ai r 

gas 



For theoretically perfect combustion, 10.99 lbs of air 
are required and 11.932 lbs of gas are produced per lb of 
fuel burned. The dry (Orsat) analysis of the flue gas would 
be: CO 2 = 18.78 0/0 and N, = 81.22 0 / 0 . 

Combustion with 30 0/0 excess air 

: Basis, one lb 

fuel . 

02 ' req. 

2.550 

Gas 

prod., theo . 

11 .932 

O 2 suppl. 

3.320 

Excess O 2 ' 

0.770 

N 2 ' air 

11 .000 

N 2 

with axe. 02 ' 

2.560 

Air suppl . 

14.320 

Gas 

produced 

15.262 

Prod 

. wght. 

prod . 

mol . 
wt . 

mols . anal . by 
vol , we t 
0/0 

anal . by 
vo] . dry 
0/0 

0 

0 

3.060 

44 

0.0696 13.70 

14.30 

HjO 

0.410 

18 

0.0228 4.48 


0 * 

0 .770 

32 

0.0240 4.71 

4.93 

N, 

11.010 

28 

0.3930 77.21 

80 .72 

SO^ 

0 .012 

64 

0.0002 



15.262 


0.5096 



gas 




For combustion with 

30 0/0 excess air, 14.32 

lbs of air 


are required and 15.262 lbs of gas are produced per lb of 
fuel burned. The dry (Orsat) analysis of the flue gas would 
be: COs = 14.30 o/o, 'Og = 4.93 o/o and Ng- = 80.72 o/o. 

Example 14. 

Determine the weight of air required for theoretically 
perfect combustion and the flue gas analysis for a gaseous 
fuel with the following analysis by volume: CO 2 = 0.004; 
CH 4 . = 0.921; C 2 He = 0.041; and Ng = 0.034. Also^ determine 
the amount of air required and the flue gas analysis for 
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combustion with 20 o/o excess air. 

Solution : 

Combustion reactions are: 

CH 4 + 2 0,r— — CO,- -f 2 H,0, 0, = 4 CH 4 , CO, = 2.76 CH 4 , 

H,0 = 2.25 CH 4 

C,Ra + 0,r— ^2 CO,- + 3 H 2 O, 0,- = 3.73 C,Ha, 

CO, = 2.94 C,Ha, 

H,0 - 1.79 C,-He 

Nt from air = 3.31 0, from air 


Theoretically perfect combustion: Basis, one lb fuel. 


Const 

. anal . 

mol . 

lb s . 

anal . 

0 ,- 

Products 



by vol. 

wt . 


by wt . 

req . 

CO, H,0 

N, 


CO, 

0.004 

44 

0.176 

0.0103 


0.01 



CH 4 ' 

0.921 

16 

14.750 

0.8630 

3.45 

2.37 1.94 



C,H, 

0.041 

30 

1.230 

0 .0720 

0 .27 

0.21 0.13 



N, 

C.034 

28 

0.953 

0.0557 



C.06 



1.000 


17 .109 

1.0010 

3.72 

2.59 2.07 

0.06 


N, from air 




12.30 


12.30 


Total 




air 

16.02 

2.59 2.07 

12.36 

17.02 





Mol. wt . 


44 18 

28 

gas 





mols . 


0 .06 0 .12 

0.44 

0.62 



Anal. by. 

vol. wet 

. 0/0 

9.60 18.7 

71.70 




Anal, by 

vol. dry 

0/0 

11 .80 

88 .20 



From the 

proceeding 

analysis 

it is 

seen that 

one pound 


of this particular fuel gas requires 16.02 lbs of air for 
theoretically perfect combustion and produces 17.02 lbs of 
wet flue gas. The dry (Orsat) analysis of the flue gas 
would be: CO, = 11.80 0/0 and N,* = 88.20 0 / 0 . 


Combustion with 

20 0/ 0 

excess air: Basis, one lb 

fuel . 

0,' req . 

3.72 

Gas prod., theo. 

17.02 

0, suppl. 

4.46 

Excess 0, 

0.74 

N,' from air 

14.76 

N, with exc . 0,- 

2.46 

Air supplied 

19.22 

Gas produced 

20 .22 
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Prod . 

wght . 
prod . 

mol . 

wt . 

mols 

anal, by 
vol. wet 
o/o 

anal, by 
vol. dry 
o / 0 

CO, 

2.59 

44 

0.0589 

8.10 

9.63 

H,0 

2.07 

18 

0.1160 

15.82 


0,. 

0.74 

32 

0.0231 

3.08 

3.78 

N* 

14.82 

28 

0.5300 

/3.00 

86.59 


20.22 0.7270 

gas 


For combustion with 20 o/ o excess air, 19 22 lbs of air 
are required and 20 22 lbs of flue gas are produced per lb 

CO J/n 0 the flue gas would be: 

CUj y.63 0 / 0 , Og - 3.78 o/o and = 86.59 o/o . 


Often it is necessary to determine combustion conditions 
from a fuel analysis and an analysis of the flue gas. Ex- 
amples 15 and 16 show the method followed for each of the 
types of fuels. 


Example 15, 


Fuel with an ultimate analysis of: C = 0,83; H = 0.127; 

0 = 0.012; N = 0,016; S = 0.004; moisture = O.Ol; and 

ash = 0.001 is burned in a boiler furnace. The flue gas has 

the following volumetric analysis on the dry basis: 

Q9s = 13.7 o/o; Os = 2.6 o/o; CO = 0.4 o/o; and Ns = 83.3 o/o. 
Find the theoretical air, actual air and flue gas produced 
in lbs per lb of fuel fired. 

Solution : 

1. The theoretical air can be found from the formula*. 

11.63 + 34.36CH - + 4.32 S Ibs/lb fuel 

11.53(0.83) 4 34.36(0. 127 - 4 4.32(0.004) 

8 

13.91 Ibs/lb fuel 

2. The dry flue gas produced can be determired with the 
aid of a carbon balance, as follows: 

44 CO^ + 32 Og' + 28(N5 + CO) ^ 

12 (C 03 p + CO) Ourned Ibs/lb 


^ at ~ 
^at = 
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= 




44(13.7) 4-32(2. 6) -f 28 ( 8 ?. 3-K) .4) 
12(13. 74C. 4) 

19.93 Ibs/lb fuel 


[0 .834(0.376)0.004] + 

40.625(0.004) 


Note: Sulphur dioxide in the flue ^as is analyzed as carbon 

iioxidt' by the Orsat apparatus. If all of carbon in the fuel 
is not burned a correction is made (see Example 17 ). 


3. The wet flue gas produced can be found from a 
weight balance, as follows: 

4 9 H 4 moisture Ibs/lb fuel 

= 19.93 4 9(0,127) 4 0.01 = 21.08 Ibs/lb fuel 

4. The actual air supplied can be found from a weight 
balance, as follows: 

Maa = + a[H - I"] - - S - N Ibs/lb fuel 

= 19.93 4 8CC.127 - - 0.83 - 0.004 - 0.016 

o 

Uaa = 20.08 Ibs/lb fuel 

5. Excess air can be found from the relation': 


Excess air o/o 


?ijLt(i0C) 

Mat 


. 20.08 - 13.91, AA o y 

Excess air o/o I3~9l 

Example 16. 

A fuel gas having an analysis of CH 4 = 77 .6 0 / o, CsH* = 
16.0 0 / 0 , COj- = €.3 0 / 0 , N 2 = 0.2 0/0 is burned in a boiler 
furnace. The flue gas has the following analysis on the dry 
basis : 00 2 ~ 9.0 0 / 0 , Oj* ~ 3.0 0 / 0 , CO — 0,2 0 / 0 , Ng ”■ 

87.8 0 / 0 . Find the theoretical air, actual air and flue gas 
in lbs per lb of fuel fired and the percentage of excess air 
supplied . 

Solution: 

The first step in the solution is the conversion of the 
volumetric analysis to a gravimetric analysis. 
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Const . 

anal, by 
vol . 

mol . 
wt . 

lbs . 

anal, by 
wt . 

CH. 

0 .775 

16 

12.40 

0.619 

C*H, 

G.ieo 

30 

4.80 

0.239 

CO* 

0.063 

44 

2.77 

C.138 

N* 

0 .002 

28 

0.06 

0.004 


1.000 


20.03 

1.000 


1. Theoretical air: 


M . = 17.25 CH* + 16.10 Cj,H, + 14.8 CfH* + 34.5 Ibs/lb 

dZ 

M * = 17.25(0.619) + 16.10(0.239) = 14.53 lbs/ lb fuel 
at 




e<i 


2. Try flue gas: 

- 44 COg + 32 Og -I- 28(Kt -I- CO) 
12(C0j + CO) 


[0.75 CH, + 0.8 C,H, 


+ 0.857 CjH*] + COif + N*/ 
+0.13840 .004 


12(9 .0+0.2) 


M = 17.64 Ibs/lb fuel 
g<i 


8 . Wet ilue gas: 


M = M ., + 2.25 CH, + 1.8 CjH. + 1.29 CiH* + 9 Hj 

g<* 

M = 17.64 + 2.25(0.619) + 1.8(0.239) = 19.46 Ibs/lb fuel 


4. Actual air supplied: 

M = M ^ + 1.25 CH* + 0.80 CgH, + 0.29 CjH* +88* 
aa ffd 

- N* - CO* 

M = 17.64 + 1.25(0.619) + 0.80(0.239) - 0.002 - 0.138 
aa 

M = 18.47 Ibs/lb fuel 
aa 

5. Excess air: 


18 .47 


14.53 


( 100 ) 


27.1 o/o 


Excess air - 


14.53 
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51. Heating Value of Fuela--One of the most important 
properties of any fuel is its heating value per unit of 
weight or volume. The higher heating value (ITHV) is the 
value which would be obtained if the products of combustion 
were cooled to the temperature of the original fuel and air. 
The lower heating value (LHV) is the higher heating value 
less the latent heat of vaporization of the moisture formed 
in the combustion process and present in the fuel originally. 
It is customary to base efficiencies on the higher heating 
values, although efficiencies would appear to be higher if 
they were based on the lower heating value. 

The heating values of fuels can be determined approx- 
imately by calculation if the ultimate analysis, proximate 
analysis (for coal) or specific gravity (for fuel oil) is 
known . 

For solid or liquid fuels with the ultimate analysis 
known: 

HHV = 14600 C + 62000 (H - I-) + 4050 S 

O 

where: HHV = higher heating value, Btu/lb 
C, H, 0 and S = carbon, hydrogen, 
oxygen and sulphur, Ibs/lb fuel 

For coals with the proximate analysis known, the heating 
value can be determined from Table XI. It will be noted 
that the proximate analysis must be converted to the com- 
bustible basis before the table is used, and the result con- 
verted to the as fired basis. These conversions may be made 
as follows: 


Converting proximate analysis as fired to 
combustible basis, Ibs/lb fuel; 


Volatile matter 


Volatile matter as fired 
1 - moisture as fired - ash as fired 


Fixed carbon = 


Fixed carbon as fired 

1 - moisture as fired - ash as fired 


Converting heating value on combustible basis 
to as fired basis, Btu/lb: 

HHV (HV on comb, basis )(l - roois. as fired — ash as fired) 
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TABLE XI 

HEATING VALUE OP COAL BASED ON PROXIMATE ANALYSIS 



States 


Per cert Volatile Btu/lb on 





on Combustible 

Combustible 





Basis 

Basis 


Pa., 

Ohio, W.Va., 

Md., 

0 ~ 16 

HBV = 14660 + 7810 

V 

Va., 

Ky., Ga., Tenn., 




Ala . 

, Ind., Iowa, 

Neb . , 

16 - 36 

BBV = 16160 - 2260 

V 

Kan. 

, Mo., Okla., 





Ark . 

, and Texas 


36 — up 

HHV = 18760 - 9440 

V 

111 . 

and Mich. 


all 

HHV = 16 062 - 3830 

V 


where: HHV = higher heating value 

V = decircal fraction volatile 
on combustible basis 

(Fm Cm Evarvs) 

For heavy fuel oils with the specific gravity known: 

HHV = 18660 + 40(A.P.i;^ - 10) 

where: A.P.I.® = specific gravity 
on the American Petroleum 
Institute scale, or 
A.F.I.® = 141.5 ~ (131.5/sp.gr.|3-) 

For gaseous fuels with the volumetric analysis known': 

HHV = 323 CO + 328 + 1012 CH 4 + 1762 C ^H « + 1641 C 2 H 4 

where: HHV = higher heating value, Btu/cu ft 
at 60 F and 30 in . Hg 
CO, H p, CH 4, C yHu a^d C pH 4 * carbon 
monoxide, hydrogen, methane, ethane 
and ethylene, volume fractions 
as fired. 

The proceeding equations are only approximate, and for 
the most precise determination of heating value it will be 
necessary to employ a calorimeter of a suitable type. 
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of apparatus which absorbs 
the various flue gas con- 
stituents, one at a tiire, 
by means of chemical sol- 
utions . Figure VII— 3 shov/s 
a coriiron portable form of 
the apparatus . 

The Orsat analysis is 
given on the dry basis be- 
cause the sample remains 
saturated with moisture 
throughout the test proced- 
ure. The ordinary form of 
the apparatus measures vol- 
umetric or mol fractions of 
carbon dioxide, oxygen an<^ 
carbon monoxide. It is ass- 
umed that the remaining gas 
is nitrogen. Due to the 
fact that the reagent for 
carbon dioxide will absorb 
all acid gases, the sulphur- 
ous gases in the products of 
combustion will be analyzed as 
is slight for ordinary fuels. 



(Fisher Scientific Co.) 

Fig. VII. 3. Orsat gas 
analysis apparatus. 


dioxide, but the error 
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CHAPTER VIM 
STEAM GENERATORS 


53t St€am generator is the preferred name for equipment 
which produces steam from water by means of fuel. Steam gen- 
erators are divided into two general classifications: fire 
-tube and water-tube, depending upon whether the water sur- 
rounds the tubes or is contained within the tubes. It might 
be said here that the term botler is used somewhat flexibly, 
but strictly speaking should only be applied to the convection 
steam generating surface in a steam generator, while the 
term >steam generator includes the boiler and all auxiliary 
heat recovery apparatus . 


Steam generators in small sizes are rated in terms of 
boiler horsepower, which amounts to a heat absorption of 
33,480 Btu per hour per boiler horsepower, or 34.6 pounds of 
steam per hour per boiler horsepower from and at 212 F. One 
boiler horsepower is also approximately equal to ten square 
feet of convection heating surface. Large steam generators 
are rated in terms of the actual weight of steam produced 
per hour at definite outlet conditions with feed-water at a 
definite temperature. 


Steam Generator Efficiency — Steam generator effic- 
iency is the quotient of the heat output of the steam gener- 
ator divided by the heat input from the ^uel . That is: 


e = -h,,) + 

*Sg 




) 


where: = steam flow, Ibs/hr 

= blowdown rate, Ibs/hr 
= fuel feed rate, Ibs/hr or cu ft/hr 
= enthalpy of steam at 
boiler outlet, 8tu/lb 
h^ = enthalpy of boiler feed, Btu/lb 
h^ = enthalpy of saturated water 
at boiler pressure, Btu/lb 
HHV = higher heating value of tuel, 
Btu/lb or Btu/cu ft 


Quite often it is impossible to measure accurately the 
quantities of fuel, steam and blo?/down, making it necessary 
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to determine the steam generator efficiency by the method of 
losses. This method requires that the flue gas analysis and 
ultimate analysis of the fuel, as well as combustion air 
temperature, fuel temperature and flue gas temperature be 
known. The various losses per pound of fuel can then be cal- 
culated and the difference between the heating value of the 
fuel and the losses considered as the heat absorbed by the 
steam generator. The losses are! 

(a) Due to sensible heat in the dry flue gases.. 

(b ) Due to s ensible and latent heat in the vapor formed 

from the moisture in the fuel. 

(c) Due to sensible and latent heat in the vapor formed 

from the combustion of hydrogen in the fuel. 

(d ) Due to carbon monoxide resulting from the incom- 
plete combustion of carbon. 

(e ) Due to unburned carbon in the ash pit refuse and in 
fly ash . 

(f) Due to radiation fron the boiler setting. 

(g ) Due to unaccounted for losses, such as sensible hea 
in the ash pit refuse, unburned hydrocarbons, and 
moisture in the air used for combustion. (This 
item can be estimated at from C.l to 0.2 per cent.) 

The above losses might be regrouped into two general classi- 
fications, as follows: 

A. Combustion losses due to failure to develop the full 
heating value of the fuel. These items would in- 
clude items (d ) and (e) and part of (g). 

B. Conversion losses due to failure to transmit all of 
the heat developed to the steam. These losses 
would include items (a), (b), (c ) and (f) and part 

of (g). 

Example 17 shows the method of determination of steam 
generator efficiency by the direct method and by the method 
of losses for solid or liquid fuels, and Example 18 shows 
the same procedure for gaseous fuels . 

Example !?• 

The following data were recorded for a test on a boiler 
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rated at 200,000 lbs per hour and equipped with a completely 
water-cooled furnace: 


Average steam temperature 900 
Average steam pressure 910 
Steam generated in 8 hours 1,600,000 
Average teed-water temperature 300 
Heatirtf value of coal as fired 14,400 
Fuel tired in 8 hours 74 
Heating value of refuse 5,100 
Refuse collected in 8 hours 5.9 
Average flue gas temperature 250 
Average combustion air temperature 110 
Average fuel temperature 70 


Flue gas analysis 
by volume 

CO 2 = 12.8 0/0 
O 2 - 6.4 0/0 
CO = C.2 0/0 
Nfi =80.6 0/0 


Fuel analysis 
Ib/lb as fired 

C = 0.8152 
H = 0.0447 
0 = 0.0495 

N = 0.0100 
S = 0.0063 
ash = 0.0521 
mois. = 0.0222 


Make a heat balance for the boiler: 


Solution : 


Carbon burned : 


'burned 


- C - refuseChea t ing value of refuse) , 

14600(wt. of fuel) 


= 0-8152 - = 0.7872 Ib/ib fuel 


F 

psig 

lbs 

F 

Btu/lb 

tons 

Btu/lb 

tons 

F 

F 

F 


B. Pry gas: (See Example 15) 


M 




44(12. 8) +32(6. 4) +28(80. 6+0 .2) 

12 ( 12 . 8 + 0 . 2 ) 


[0.7873+0.375(0.0063)] 
+0.625(0 .0063) 


15.30 Ibs/lb fuel 


C. Heat absorbed by boiler: 

Wt . of water evaporated (heat added to water) 


Wt . of fuel fired 


Btu/ lb 
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1,600,000(1450.9 - 269.6) 
74(2000) 


12,780 Btu/lb fuel 


D. Heat loss due to dry flue ^as : 

Qgi = 0 .24(M^^) ( temp . of flue gas “ temp, of comb, air) 

Qg = 0. 24(15. 30)(250 - 110) = 515 Btu/lb fuel 

E. Heat loss due to moisture in fuel: 

When temperature of flue gas < 575 E: 

Q3 = [mois. in fuel] [1089 - temp, of fuel + 0.46(temp. of 

flue gas)] 


When temperature of flue gas > 575 F: 

O3 = ’[mois. in fuel] [1066 - temp, of fuel I- 0.50(temp. of 

flue gas)] 

Qg 0.0222[1089 - 70 + 0.46(250)] = 25 Btu/lb fuel 

P. Heat loss due to moisture from combustion of F: 
When temperature of flue gas < 575 F: 

Q4 = [9 H] [1089 — temp, of fuel + 0.46(temp. of flue gas)] 
When temperature of flue gas ^ 575 F: 

Q4 = [9 H] [1066 - temp of fuel + 0.50(temp. of flue gas)] 
Q4 » 9[0, 0447] [1089 - 7.0 + 0.46(250)] = 456 Btu/lb fuel 
G. Heat loss due to carbon monoxide in flue gas: 


Qs 


CO 

COt + Co( 

0.2 (10160) (0.7873) = 123 Btu/lb fuel 


12.8 + 0.2 


H. Heat loss due to combustible in refuse: 

^ Wt. of refuse^ 

— of fuel" value of refuse) 
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.COOr ^ : r— 1 

Correction Factors 

^ _ Number of Walls 

6 OO’-'j'yp 0 of Wall 1 2 3 4 

-Water Cooled 0.93 0.88 0.82 0.75 

400Uir Cooled 0.97 0.93 0.90 0.87 





5 4 3 2 1 

Radiation Losses, Brick Walls — Per cent 

(Aa«r. Boil*r Mfgrt. At«ec 
Fig, VIII-1. A.B.¥,A. boiler radiation lots chart. 


= 5::?(51C0) = 407 Btu/lb fuel 
* 74 

I. Radiation losses from boiler setting: 


From Figure VIIl-1, radiation losses for a 200^000 Ib/hr 
boiler at full load are 0.75 o/o for brick walls, with a 
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correction factor of 0.75 for four water-cooled walls. 

Qiy = 0.0075(0.75) (14400) =* 81 Btu/lb fuel 
J. Unaccounted for losses: 

Qe = Heating value of fuel - iQi + 02 + 05 + O^’ + Ob + Oi 

+ O7] 

Ob = 14400 - [12780+515+25+456+123+407+81] = 13 Btu/lb fuel 
Recapitulation: Basis, one lb fuel as fired. 

Heat absorbed by boiler 12780 Btu/lb 88.7 0/0 


Heat loss due to dry flue gas 515 3.6 
Heat loss due to moisture in fuel 25 0.2 
Heat loss due to mois. from comb, of H 456 3.2 
Heat loss due to carbon monoxide 123 0.8 
Heat loss due to comb, in refuse 407 2.8 
Heat loss due to radiation 81 0.6 
Unaccounted for losses 13 0.1 


Heating value of fuel 14400 Btu/lb 100.0 0/0 

Example 18 . 

The following data were recorded for a test on a boiler 
rated at 25,000 lbs per hour and equipped with plain brick 
furnace walls: 


Average steam pressure 215 psig 

Average steam temperature 540 F 

Steam generated in 4 hours 86,000 lbs 

Average feed-water temperature 260 P 

Heating value of gas (std.cond.) 1,060 Btu/cu ft 
Fuel fired in 4 hours, at 

70 F and 3 psig 89,400 cu ft 

Average flue gas temperature 350 F 

Average combustion air temp. 100 F 


Flue gas analysis 
by volume 

CO*- = 9.3 0/0 

0*' ~ 2.5 0 / o 

CO = 0.3 0/0 

N* - 87.9 0/0 


Fuel analysis 
by volume 
CH 4 = 0.840 

(J^Hb '= 0.120 
N* =0 .025 
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Make a heat balance for the boiler. 

Solution : 

The volumetric fuel analysis is first changed to a grav~ 
imetric analysis: 


Const . 

anal . 
by vol . 

mol . 

wt . 

lb s . 

anal . 
by wt 

CH. 

0.840 

16 

13.45 

0.759 

C*H, 

0.120 

30 

3.60 

0.203 

N* 

0.025 

28 

0.70 

0.038 


1.000 


17 .75 

1.000 


A, Dry gas: (See Example 16) 
44(9. 3) +32(2. 5) +28 (87 .9+0.3) 
12(9.3+0.3) 


[0. 75(0. 769)+0. 8(0. 203)] 
+ 0.058 


= 18.82 Ibs/lb fuel 


B. Heat absorbed by boiler: (See Example 17) 

From the calcuJations converting the fuel analysis to 
the gravimetric basis, the apparent molecular weight is 
17.75, from which R = 1544/17.75 = 87.0. The weight of fuel 
fired is: 

(3+14.7) (144)(89400) 

= 87TS35) = 

% 

The weight of one cubic foot of fuel at standard con- 
ditions is: 

_ 30(0.491)(144) 

^ " '87(520) 

from which the heating value of the fuel is: 

HHV = — -g = 22600 Btu/lb 


86,000(1287.8 - 228.6) 


= 18400 Btu/lb fuel 
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C. Heat loss due to dry flue ^as: (See Example 17) 
a* = 0. 24(18. 82)(350 - 100) - 1130 Htu/lb fuel 

D. Heat loss due to moisture from combustion of H: 

When temperature of flue gas < 576 F: 

= [2.25 CH^ + 1.8 4 1.29 0^84 + 9 H J [1089 - temp. 

of fuel 4 0.46(temp, of flue gas)] 

When temperature of flue gas > 575 F: 

Q4 = [2.25 CH4 4 1.8 C^H* 4 1.29 C*H4 4 9 H*1 [10 66 - temp. 

of fuel 4 0.60(temp. of flue gas)] 

Q4 = [2.25(0.759) 4 1 .8 (0 .203) ] [1089 - 70 4 0.46(350)] 

Q4 = 2440 Btu/lb fuel 

E. Heat loss due to carbon monoxide in flue gas: 

pn 

^ ;;, - ^ (lC160)(0.75 CH. + 0.8 C,H, + ».867 C,H.) 

COf' 4 CU 

Q, = ■ ^ (10160) (0.75[0. 7593 + 0.8[0.203]) = 232 Btu/lb 

9,3 4 C . 3 

F. Radiation losses from boiler setting: 

From Figure VIII-1, radiation losses for a 25,000 Ib/hr 
boiler operating at 21,500 Ibs/hr are 1,5 o/o, 

dj = 0.015(22600) = 339 Btu/lb fuel 

G. Unaccounted for losses: 

Qe = 22600 - [18400411304244042324339] = 59 Btu/lb fuel 
Recapitulation: Basis, one lb fuel as fired. 


Heat 

absorbed 

by 

boiler 

18400 Btu/lb 

81.5 

Heat 

loss 

due 

to 

dry flue gas 

1130 

5.0 

Heat 

loss 

due 

to 

mois. from comb. 

of H 2440 

10 .8 

Heat 

loss 

due 

to 

carbon monoxide 

232 

1.0 

Heat 

loss 

due 

to 

radiation 

339 

1.5 
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Unaccounted for losses 69 0.2 

Heating value of fuel 22600 Btu/lb 100.0 o/o 

55. Fire-Tube Bo I I er s--Pire“tube boilers (or steam gen- 
erators') are built in sizes up to about 500 horsepov/er and 
for pressures up to about 200 psig. The principal types are: 
horizontal return tubular; Scotch marine; vertical tubular; 
and firebox tubular. 

Horizontal return tubular boilers consist of a drum with 
longitudinal flues set over a brick firebox, as shown in Fig- 
ure VIII— 2. They are moderately efficient and are suitable 
for use with any kind of fuel . 

Scotch marine boilers are so named because they were 
first used in steam powered ships built in Scotland. They 
have been adapted to stationary power plants and are most 
popular for packaged units because the furnace is internal 
to the boiler. Figure VIII-3 shows a modern Scotch marine 
package unit . 

Vertical tubular bo'.ilers are built in small sizes up to 
about 50 boiler horsepower and are popular for laundries and 
small food processing plants because of the small floor 
space requirement. Due to the fact that part of the flues 
are above the water line, the steam is delivered with a 
small amount of superheat. Figure VIII--4 shov/s a boiler of 
this t y pe . 

F'.irebox tubular boilers are made in a number of differ- 
ent designs, one of which is shov/n in Figure VIII— 5. Their 
advantage is the ability to put more heating surface in a 
given total boiler volume than the other fire-tube types. 

Fire-tube boilers are not made for high pressures be- 
cause of the difficulty of staying the flat tube sheets 
against bulging, and because tubes are relatively less re- 
sistant to collapse from external pressure than they are to 
rupture from, internal pressure. 

56. Water-Tube Bo i I e r s--Water -t ube boilers are built in 
capacities from about ICC boiler horsepower to more than one 
million pounds of steam per hour, with pressures ranging 
from 15 to 3500 psig. The variety of water-tube boilers is 
very large, but the general types are: straight tube and 
bent tube . 

Straight tube boilers require the use of headers for 
the tube ends. The main disadvantage is that the many hand- 




rig. VIII. 





VIII 
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hole covers which are necessary have a tendency to leak. 

The main advantages are that all of the steam generating 
tubes are alike and they are easy to clean, when neces- 
sary. Figures VIII-6 and VIII-7 show two types of straight 
tube boilers . 



( p o « * r ) 


Fit* Lonfltu^inal 

drun atraith* tuba boiler. 



(Power) 


Flf. Vlll-T. Croat druai 
atralght tuba bailor. 


Bent tube boilers were designed to eliirirate the tube 
headers and handhole covers which gave trouble in the straight 
tube boilers in the higher pressure ranges. Figures VIII-S 
through VIII-11 show some modern bent tube boilers of var- 
ious sizes and arrangements and Figure V'III-12 shows boiler 
cost data (based on 1946). 

57. Heat Transfer in Boilers — The major portion of the 
heat transfer in boilers takes place by convection from the 
flue gases and by conduction through the tubes. Consider- 
ation of the mechanisms of heat transfer in boilers will 
show that, while they are similar to those in surface condens- 
ers, some of the factors are not easily determined . For in- 
stapce, in most boilers the circulation of water is by nat- 
ural forces set up by the difference in density between steam 
and water, and as a consequence it is not easy to determine 
the velocity of the water passing over the boiler surface. 

In a sinilar nanner to the effect of velocity on water film 
coefficients, the velocity of the flue gas over the surface 
of the tubes affects the gas film coefficient. For these 
reasons, manufacturers of boilers employ empirical formulae 
to a great extent in c’alculating the heating surface requir- 
ed . 


One of the best known empirical formulae for estimation 
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Steair Generator Capacity - Thousand pounds per hour 

(G. A. Gaffvrt) 

Fig. VIII-12. Boiler coot data. 

of overall heat transfer coefficients in water-tube boilers 
is the Babcock and Wilcox equation: 

U = 2.00 + 0.0014 ^ 

where: G = mass flow of Ibs/hr per sq ft 

of projected flow area transverse 
to the tubes. 

Example 19 shows the method of estimating the surface 
required for a water-tube boiler. 

Example 19* 

A boiler usirt? fuel oil of the analysis of Example 15 
with a heating value of 18500 Btu/lb and with the same flue 
^as analysis is to produce 20,000 pounds of steam per hour 
at 150 psi^ and saturated from feed— water at 212 P. Temp- 
erature of flue gas 500 P, temperature of combustion air 
80 P, temperature of combustion 2500 P, and temperature of 
fuel 180 F. The boiler is to be of the three-pass straight 
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tube sectional header type with 3 in. OD tubes spaced f in. 
on centers. There will be 24 tubes per bank, and the tubes 
will be 12 ft long. Petermine the number of banks required, 
neglectiag the area of the sectional headers and the boiler 
drum. The furnace has plain brick walls. issume that no 
refuse is formed. 

Solution : 


The heat absorbed by the boiler per pound of fuel fired 
can be determined by the method of losses, allowing about 
1 o/o for unaccounted for. 


Q.? “ 0 , 24 ( 19 . 9 ( 500 — 80) - 2010 Btu/lb 

Qa = 0.01(1089 - 180 -f 0.46C500]) = 11 

Q 4 = 9(0.1270) (1C89 ~ 180 + 0.46 [500]) = 1300 

Ci5 - Y? - ^ ( 10 160 ) ( 0 . 8 3 ) = 239 

0.7 =‘0.015(18500) = 278 

Qe = 0.01(18500) = 185 

Total losses 4023 

Or = 18500 - 4023 = 14477 Btu/lb 

The weight of fuel fired per hour is: 


> 20,000(1195.6 - 180.1) 

M . “ ■ 

f 14477 


1406 Ibs/hr 


The heat transferred is: 

Q = 20,000(1195.6 - 180.1) = 20,300,000 Btu/hr 
The gas flow is : 

M = 21.08(1405) = 29600 Ibs/hr 


The transverse gas flow area between tubes is: 
(24 - 1)(5 - 3)12 




3(12) 


15.35 sq ft 


^ 29600 

from which, G « = 1930 Ibs/hr/sq ft 

and from the Babcock and Wilcox equation. 
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therefore, the number of banks of tubes required is.* 

5970 

— — — = 26 banks of tubes. 

226 

58. Water-Cooled F u r n aces--The water -<:ooled furnace was 
introduced as a means of reducing maintenance on furnace re- 
fractories. Acceptance was slow because of difficulties 
with water circulation, but a modern steam generator is 
almost all water-cooled furnace with only enough boiler sur- 
face to reduce the gas temperature to an economical point 
for use in econonizers or air heaters. Reference to the 
illustrations of water-tube boilers wil2 show the application 
of furnace ccolirg. 

Heat transfer to furnace cooling surface is almost en- 
tirely by radiation and the heat transfer coefficients are 
extrem.ely high. The amount of radiant heating surface re- 
quired in a furnace is a function of several variables, such 
as the volume of the furnace, the temperature of the flue 
gas leaving the furnace, the sensible heat in the flue gas 
and the arrangement of the cooling surface. 

Table XII gives some generally accepted data on values 
of heat release per unit of furnace volume. 

The temperature of the flue gas leaving the furnace 
should always be at least 2C0 P and preferably 25C F less tha 
the ash fusion temperature of the fuel used in order to avoid 
tightly adhering deposits in the convection sections of the 
steam generator. The result is that with fuels with very low 
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ash fusion temperatures (fuel oil has an ash fusion temper- 
ature of about 1600 F) the steam generator would necessarily 
be mostly furnace. 

The sensible heat in the flue gas can be calculated from 
the following relation': 

Sensible heat/lb fuel = LHV - h’ - h'* + h''* 

where: LHV = lower heating value of fuel 
h’ = heat lost by radiation and 
convection from the boiler 
setting 

h’’ = heat lost due to incomplete 
combustion and due to combus- 
tible in refuse 

h' ’ ' = heat gained by use of pre- 
heated air 


TABLE XII 


FUPFACE HEAT RELEASE 


Fuel 


Ooal 

Fu Iverized 

Stokers 

Grates 

Gas and Oil 

Lower val 


KBtu per cubic 

All refrac- 
tory 

12 - 18 
lb - Sb 
- 4C 

20 - ?5 

les in a range 


foot per hour 
Air 

cooled 


IF - 20 
2F - 40 
3F - 45 

25 - 40 

are for smaller 


Water 

cooled 


18 - 25 
30 ~ 45 
40 - 50 

20 - 50 

boi lers . 


The arrangement of the cooling surface affects the eff- 
ective -area as shown in Figure VIII-13. The effective area 
is related to the projected area on the furnace envelope by 
the equation : 

'= s6S^ 

r p 

where: •= effective radiant cooling 

surface, sq ft 
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s = a sla^^ing factor (0.90 to 0.96) 
Sp = projected tube area, sq ft 
^ = an arran^^eiren t factor 



6 = [Ti/ 2 ][li/rn 6 = n/? + 6t 6 = [n/2l[ii/dl 6=2 
up to ll/d = 1.5 up to ll/d = 1.5 

(Courteiy of D> Van Noatrand Co.. Inc.) 
Fig, VIII»13. Arranfcmant of radiant heat transfer surface. 



Figure VIII-14 shows soir.e empirical data which ties to- 
gether the preceedirg factors in the estiiration Of furnace 
cooling area and Example 20 shows the method of estimation 
cf the prircipal dimensions of a water-cooled furnace. 

Example 20. 

Tetermine for the boiler of Example 17: 

1. The furnace volume required for full load operation us- 
in^ pulverized coal. 

2. The amount of effective radiant furnace coolirg surface 
required for a gas temperature of 1950 F entering the super — 
heater (250 P less than the ash fusion temperature). Assume 
that the preheated air temperature is 535 F. 

3. The number and length of 2-} in. OD furnace tubes, spaced 
on three inch centers. The boiler screen consists of three 
bank's of 2i in. OD tubes spaced on nine inch centers. The 
plan dimensions of the furnace are 20 ft X 20 ft . 

Solution : 

1. From Table XII, a heat release value of 22,000 Btu 
per cubic foot per hour is selected. The total heat re~ 



Temperature of Gas Leaving Furnace, de^ P 
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10 20 30 40 50 

Effective Radiant Heating Surface, 
sq ft per thousand lbs of gas per hr 


(Foat«r-Vh«*|«r C«rp.) 

Flf. VIII-14, Furnace cooling aurfacc daaign curvet. 

leased in the furnace is: 


Q = —(2000) (14400) = 266,000,000 Btu/hr 
8 


150 
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troni which the furnace volume is.’ 


266,000,000 
y = ^ ^ 

f 22000 


12100 cu ft 


2. The sensible heat per pound of flue gas is*. 






LHV - h’~h'^ -l-h''' 

^ + 0.24[535 - 70] 

14400 -'[9(0.0447) + 0 . 0222] [ 1066] - 8l - [123 + 497] 
15.30 + 9(0.0447) 1 0.0222 


2H - 866 Btu/lb flue gas 

Then, from Figure VIII-14, the area of effective rad- 
iant surface per thousand pounds of gas per hour is 14 sq ft. 
The total area i s : 


14(15. 72)(2000)(74/8) 
1000 


4070 sq ft 


3, The boiler screen will have 20 ft tubes, and there 
will be 20(12)/9 = 26 tubes per bank. Jissuming a slagging 
factor of 0.90 and 6=2, the effective radiant area of the 
boiler screen will be.* 

= 0.90(2)(2.26/l2)(2C)(26) (3) = 525 sq ft 

The furnace walls will have an effective radiant surface 
of 4070 - 525 = 3545 sq ft. The length of the furnace wall 
tubes will be approximately the same as the height of the 
furnace, or 30.2 ft. Assuming a slagging factor of 0.90 and 
6 = ( n/2) ( 3/2 .25) = 2.09, the projected area of the furnace 
wall tubes will be.* 


o 3545 

"P 0.90(2.09) 


1885 sq ft 


The turnace walls can each have 20(12)/3 = 80 tubes, 
each 30.2 ft long, for a total of: 

S. = 4(80)(30.2)(2. 25/12) = 1810 sq ft 

all's 

This leaves 75 sq ft of projected area for the furnace floor, 
and since each floor tube would have a projected area of 
20(2.25)/l2 = 3.76 sq ft, there would be 76/3.75 = 20 floor 
tubes . 
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59. Furnace Refractories and I nsu I et i on-- In order to min- 
iirize heat losses fror furnaces, it is necessary to supply 
soire sort of insulating rraterial, and in order to prevent 
fire damage to insulation it is necessary to supply refrac- 
tory. 

Refractories are made from materials which have good 
resistance to damage from direct flame impingement. They 
are usually supplied in brick form, although plastic refrac- 
tories are available. The standard refractory brick is 2*|" 

X X 9”, and other sizes are available in irultipies and 

subrcultiples of these dimensions as well as in special 
shapes. Figure VIII—15 shows some heat conductivity data 
for various refractory materials. 

Insulation is made of material which has good resistance 
to heat flow but which is not necessarily resistant to di- 
rect flame impingement. Several companies make insulating 
refractories which are very useful. Figure VIII-16 shows 
some heat conductivity data for various insulating mater- 
ials . 

Heat flows through the furnace wall by conduction and 
leaves the outer wall by radiation and convection. It is 
usually assumed that the heat lost by convection is about 50 
per cent of that lost by radiation, so that” 

Q = 1.5 CA(TJ - TJ) 

where.* Q. = heat loss, Btu/hr 

C = a radiation coefficient 
A - area of radiating surface, so ft 
Tj = temperature of radiating 
surface, deg R 

T? = ambient temperature, deg R 

The proceeding expression will be recognized as a mod- 
ification of the Stefan-Boltzman relation, and values of the 
radiation coefficient can be found from Table XIII. 

It is obvious that the heat lost from the wall surface 
must be equal to the heat flowing through the wall, so that 
the determination of the thickness of insulation required 
resolves itself into a trial and error process. Ordinarily 
it will be known ho?/ much structural brick is necessary on 
the outside of the furnace wall and how much refractory is 
used inside the furnace (fxom 2$'” to 4y” for backing water 
walls and from 9" to 13y" for plain walls). Example 21 
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shows the method of procedure. 

TABLE XIII 

RADIATION COEFFICIENTS 

Bare brick work 
Unpainted steel 
Asbestos cloth 
Aluminum paint 
Flat black paint 
Glossy black paint 

Example 21. 

Determine the thickness of insulation required for a 
furnace wall which consists of Armstrong insulation sand- 
wiched between eight inches of hard burned red brick and 
nine inches of kaolin refractory brick. The furnace temp- 
erature is 2300 P and ambient temperature is 95 P. Desir- 
able outside wall temperature is 175 F. 

Solution : 

The heat transferred through the wall is: 

Q = 1.5[16,3 X lO-^^’HCeSS;^ - (555)^] 

Q = 164 Btu/hr/sq ft 

Temperature drop throujfh the wall is 2300 - 175 = 2125F. 
Temperature drops through the individual sections of the 
wall will be determined by trial. 

Assume mean temperature of red brick = 300 F and mean 
temperature of kaolin brick = 2150 P. From Figure VIII— 15, 
the v^ilues of k at these temperatures will be 6.5 for red 
brick and 15.0 for^kaolin brick. 

Then, for red brick, At = Qd/k = 164(8 )/6. 5 = 202 F, 
and for kaolin brick. At = 164(9)/15.0 = 98.5 F. 

Recalculation of mean temperatures gives for red brick, 
0.5[175 + (175 + 202 )] = 276 F, and for kaolin brick, 

0.5L2300 + (2300 - 98.5)1 = 2251 F. At these mean tempera- 
tures, k for red brick is 6.4 and for kaolin brick is 15.5. 

Then, for red brick. At = 164(8)/6.4 = 205 F, and for 
kaolin brick. At = 164(9)/15.5 = 95.3 P. 


16.3 X 10“'® 

16.3 X 10“'® 

16 .0 X 10“'® 

11.0 X 10“'® 

16.4 X 1C“*® 

14.0 X 10“'® 
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Fit. VIII-15. Thermal conductivity ot reffaotory materials. 


Recalculation of mean temperatures ^ives for red brick, 
0.5L175 T (175 -f 205)] = 278 F, and for kaolin brick, 

0.5[2300 4 (2300 - 95.3)] = 2257 F. These mean temperatures 
are reasonably close to the previous calculations so that 
further trials are not considered necessary. 

The temperature drop for the insulation will be 
At == (2300 — 95.3) — (l75 4 205) = 1825 F, and the mean temp- 
erature is 0.5(2205 4 380) = 1292 F. At this mean temper- 
ature, k for the insulation is 1.7, and the insulation 
thickness is d = kAt/Q = 1 , 7(1825)/164 = 18.9 inches. 

Example 21 shov/s clearly why insulated refractory and 
brick furnaces are seldom used in modern boiler installa- 
tions. Better arrangements are water-cooled or air-cooled 
walls . 


In the water-cooled wall the inside. wall temperature is 
reduced almost to the saturation temperature of the steam in 
the boiler, thus necessitating less refractory and insula- 
tion. As previously mentioned, water walls are backed with 
up to 4y” of refractory, and ir addition a layer of Superex 
block and 3" of rockwool (conductivities of these materials 
can be found from Figure X-13 ) with an outside casirg of 
sheet metal are usually used to complete the wall. The eff- 
ect of the metal casing can be ignored with respect to the 
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Therinal Conduc tiv5 ty> If, 


Btu/(hr)(sq ft)(deg F)(in.) 
o >-* 

05 o 00 M o> 



amount of insulation required, but the. exterior finish (color 
of paint) must be considered in determination of the heat 
loss from the surface , 

In the air-cooled wall the refractory and structural 
brick are separated by an air space which serves as a conduit 
for combustion air. Thus, most of the heat passing through 
the refractory is salvaged and returned to the furnace. 
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CHAPTER IX 


SUPERHEATERS, REHEATERS, ECONOMIZERS AND AIR HEATERS 


60 . Super heat er 8-*-The econoiries to be realized with 
superheated steam in a vapor power cycle have been set forth 
previously under the discussion of the various cycles. 
Superheaters are always made up of tubular elements and they 
are classified as to their arrangement in the boiler, that 
is, pendant or drainable, convection or radiant. 

Pendant superheaiens are hung from headers which are 
located at the top of the boiler . This is the simplest 
arrangement, -but they are difficult to clean . Figure IX-1 
shows a pendant superheater in a bent tube boiler. 



< P o •• • r ) 

FIs. IX»1. Pvndant suparhaatar 
in bant tuba boilar. 


Drainable super-- 
heaters are mounted 
in such a way that 
condensation in the 
elements can drain 
back to the headers . 
This type of super- 
heater is more diff- 
icult to place in 
the boiler because 
it requires that all 
of the element slope 
toward the headers, 
but they are easy to 
clean. Figure IX-2 
shows a drainable 
superheater in a 
straight tube boiler. 

Convection 'sup- 
erheaters are so 
named because they 
receive all or a ma- 


jor portion of their 

heat by convection from the flue gas. They have a rising 
temperature characteristic because of increase in heat trans- 
fer coefficients with increasing gas velocities. For this 
reason, modern boilers which contain convection superheaters 
alone have some means of bypassing part of the flue gas 
around part of t-he superheater to effect temperature control 
in the steam from the superheater. The temperature control 
damper can be seen in Figure VIIT— 10. 


IRA 
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Radiant 'superb- 
heater's receive all 
or most of their 
heat through rad- 
iation because they 
are mounted where 
they can "see” the 
fire in the fur- 
nace . They have a 
drooping temperature 
characteristic be- 
cause the temper- 
ature of the fire in 
the furnace remains 
essentially constant 
throughout the load 
range. Radiant 
superheaters are of- 
ten placed in series 
with convection sup- 
erheaters^ and prop- 
er proportioning of 
the areas in each 
will result in a 
nearly constant steam 
temperature charac- 



teristic over the 

normal boiler operating range. .Figure IX-3 shows a radiant 
superheater mounted in series with a convection superheater^ 
and Figure IX-4 shows the temperature characteristics. 


61. Heat Transfer in Su perheater s--Heat transfer in a 
convection superheater involves a decreasing flue gas temp- 
erature and an increasing steam temperature. Wherever poss- 
ible the surfaces are arranged so that the gases enter the 
superheater at the same end at which the steam leaves . This 
counterflow principle results in more uniform temperature 
differences and higher steam outlet temperatures in compar- 
ison with parallel flow arrangements. Figure IX-6 shows a 
corojarison of the temperatures existing in the two arrange- 
ments . _ 

The logarithmic mean temperature difference for the 
counterflow case can be found from the relation: 
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where: ~ lo^ mean temperature diff- 

erence, deg F 

and t^ = inlet and outlet 
i i go 

flue gas temperatures, deg F 
t^ ^ and t^ “ inlet and outlet 
^steam temperatures, deg P 



(a) Counterf]ow 



(b) Parallel Tlow 

Fig. IX-5. T*iop«f*tur« r«l«tl®nt In h««t t 

and for the parallel flow case from the relation 
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“'t,. 


-> t. 


= 


log 


t - t 

a 

- t,. 


The overall heat transfer coefficient for a convection 
superheater is calculated in •a manner similar to that for 
other heat transfer apparatus. There is no reliable em- 
pirical equation for the overall heat transfer coefficient 
as there is for boilers^ so that is is necessary to estimate 
film coefficients and combine them according to the usual 
manner with the addition of a slagging factor^ as follows: 


U 


s 


1 



1. 

^0 + 




The gas film coefficient can be estimated from the 
equation: 


_ 0.41 
i 

where*, v^ = mass flow of gas, Ibs/sec 
per sq ft of gas flow area 
T = arithmetic mean gas temp- 
erature, deg R 

= outside diameter of tube, ft 


The steam film coefficient can be approximated from the 
following equation*. 


h, = 8.0 v""-® 

V V 

where: v^ = mass flow of steam, Ibs/sec 
per sq ft of steam flow area 

The Nusselt equation for radiant superheaters is used 
for the determination of the overall heat transfer coeffic- 
ient, as follows’: 


0.0383 (G c^)®*’®* 


U 
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where: k = steam conductivity^ 

= O.Olcl + 0.0C0C29 t 
t = arithmetic mear steam 
temperature, de^ F 
G '= mass flow of steam, Ibs/hr 
per sq ft of steam flow area 
Cp = arithmetic mean specific 
heat of steam 

r . = inside diameter of tube, ft 

Example 22-A shows the method of calculating the dimen- 
sions of a convection superheater and Example 22-B shows the 
procedure for a radiant superheater. 

Example 22-A. 


Determine the number and length of tubes required for a 
convection superheater for the boiler of Examples 17 and 20. 
The tuoes are 2 in. OD X 8 BWG and are spaced on A-J* in. cent- 
ers. Assume counterflow and a slagging factor of C.90. Dis- 
pose of the superheater in two of the three boiler passes. 


Solution : 


M = (74/8)(2000)(16.72) = 291,000 Ibs/hr 


a = 200,000(1450.9 - 1197.8) = 50,600,000 Btu/hr 


50,600,000 
gas ~ 291000(0.24) 


726 P 


Temperature of gas at superheater inlet 1950 F 
Temperature of gas at superheater outlet 1225 P 
Temperature of steaui at superheater inlet 535 F 
Temperature of steam at superheater outlet 900 F 


_ (1950 - 900) - (1225 - 535) 
~ ^ 1950 - 900 

^°^«1225 - 536 


Since the boiler is 20 ft wide, there will be 20(l2)/4.5 
- 53 tubes in the superheater. Each tube has a flow area of 
rV4][2.0 - 2(0.165)] V144 = 0.0152 sq ft, and the total 
steam, flow area is 53(0.0152) = 0.806 sq ft. 


The mass flow of steam through the tubes will be: 
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200000 

" 2600(0.806) 


69.0 Ibs/sec/sq ft 


and, hv = 8.0(69.0) " = 236 

If the superheater is disposed in two of three boiler 
passes, each pass will be 20 ft wide by 6.67 ft deep. Then 
the area for gas flow between the superheater tubes will be 
(53 - 1)(4.6 - 2)(6.67)/l2 = 23 sq ft. 

The mass flow of gas between the tubes will be: 


= 291000 

^ S " 3600(23) 


3.52 Ibs/sec/sq ft 


and. 


. 0.41(3.52)^- (2048) ^ 

" ( 2 . 0 / 12 )^-^^* 


19.8 


Then^the overall heat transfer coefficient is. 

1 


U = (0.90)* 


4.0 


.r 

19.8 2.0 + 1.67 12(30) 1.67 236 


= 16.1 


Superheater area ist 

50,600,000 

^ " 16 . 1(860 


3666 sq ft 


Each foot of superheater tube has an area of 2n/12 
0.523 sq ft. There will be 3666/0,523 ~ 7000 linear feet of 
tube^ and the length of each element will be 7000/53 = 132 
feet . 


Example 22-B, 


The boile 
a combination 
temperature ri 
by the radiant 
the convection 
place part of 
tubes will be 
a length of B 
ant superheate 


r of Examples 17 and 20 is to be fitted with 
convection-radiant superheater. Half of the 
se in the superheated steam is to be supplied 
section which is in series with and follows 
section. The radiant superheater is to re- 
the rear furnace wall cooling surface. The ^ 

2i in. or X 8 BWG spaced on 3 in. centers with 
feet. ' Find the number of tubes in the radi- 

r . 
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Solution : 


Steam temperature at rad. suphtr. inlet 
Steam temperature at rad. suphtr. outlet 
Temperature in furnace 


900 - 718 

’ 1950 -"718 

lo^ 

^«1950 - 900 


11S4 F 


718 F 
900 F 
1950 F 


The heat transferred in the radiant superheater is: 
Q = 200,000(1450.9 - 1242.1) = 21,800,000 Btu/hr 


Assume, as a first approximation, that U = 400 based on 
effective radiant surface . Then the effective radiant sur- 
face required would be 21800000/ [( 400 )( 1134) 1 = 48 sq ft. 

One linear foot of 2.25 in. OD tube, in this particular 
wall arrangement, has an effective radiant surface of 
0.90(n/2)(3. 0/2. 25) (2.25/12) = 0.354 sq ft. Then the lin- 
ear lenf^th of tube required would be 48/0.354 = 136 ft. 

If each tube is 5 ft lon^, there would be 136/5 = 27 tubes 
in the radiant superheater. 


It is necessary to check the assumed value of U by 
use of the Kusselt equation, as follows: 


The stean' flow area per tube is [’x/4] [2 .25-2(0 .165) ?/144 
= 0.02 sq ft, and the total steam flow area is 27(0.02) = 

0.54 sq ft. The mass flow of steam is G = 200000/0,54 = 
370000 Ibs/hr/sq ft. The conductivity of the steam* is 
k = 0.0131 -f 0.0000 29(809) = 0.0365 and the mean specific 
heat is 0.62, then the overall heat transfer coefficient is: 


U = 


0 .033 


or 0-036e 

"1.92/12 


2 14 


[370000(0.62)]''’* 


404 


This value of U checks very closely with the assumed 
value . 


62. Rehe ater S--A11 reheaters which are presently being 
built use flue gas as the heat source. For this reason, the 
reheater may be considered to be the same as a superheater. 
Figure IX-6 shows a modern reheating steam generator. 

63. Econom i zer s--An economizer is essentially a feed- 
water heater employing flue gas as the heat source. Its 
primary purpose is to lower the temperature of the flue gas 
leaving the steam generator in order to increase the effic- 
iency. Economizers are made in several styles, some of 
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which are 

shown in 

Figure 

IX-7. 




64. 

Heat Trans 

f er in 

Econom i 2er s 

--Heat trans 

fer in an 

ec onon’ize 

r is froir 

f lue g 

as at decrea 

sing tempera 

ture to 

water at 

increasing 

tempe 

rature . The 

overall hea 

t trans- 

f er 

coef f 

icient may 

be approximated f 

roni the same 

Babcock 

and 

Wilcox equation 

used 

for boilers . 




Ex a IT' 

pie 23 shows the 

method of e 

stimating ec 

oncm izer 

s ur J 

^ ace . 
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•xtMMlAd-MirfacA typa. Each pair 
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acts ttf o monlfaM to cannoct twc- 
capplva papso* tafatHar. twbat, ba- 
loa stralpht, ara raadlllt raplaead 


□'^ij 


As Its noma impllas/ caatinvaasr 
tab# ocanamlMr Is canstnictod of a 
laapad toba batwaon two camiactiam 

( p 0 V s r ) 

Fig. IX*7. Econonlsar 
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Example 23i 

Deternine the nuirber and length of tubes required for 
an economizer for the boiler of Examples 17 and 20. The 
tubes are 2 in. OD X 8 BWG and are spaced on 3 in. centers. 
Tubes run lengthwise in the econoirizer casinff whose plan 
dimensions are 12 ft X 18 ft. The water flows counterflow 
to the ^as . Gas inlet temperature is 1225 F, water inlet 
temperature is 300 F and water outlet temperature 485 F. 

3olu tion : 


The heat transferred in the econcmizer is: 

Q = 200000(470.2 - 269.6) = 40,100,000 Btu/hr 

The weight of wet flue ^as is 291000 Ibs/hr, so that 
the flue ^^as temperature drop is 40100000/ [291000(0 .24) ] = 
575 F. Then the flue gas temperature leaving the econo- 
mizer is 1225 — 575 = 650 F. 


(1225 - 485) - (650 - 300} 
. 1225-485 

650 - 300 


520 F 


Since the economizer casing is 12 ft wide, there wil3 
be 12(12)/3 = 45 tubes giving a gas fJow area of 
(48 - 1)(3 - 2)(18;/12 = 70.5 sq ft and a gas mass flow 
G 291000/70.5 - 4130 Ihs/hr/sq it. 

Then, the overall heat transfer coefficient is: 

U = 2.0 + 0.0014(4120) - 7.78 


40^100,000 

^ = TTvels^oT ^ 

Each linear foot of economizer tube has a surface area 
of 0.523 sq ft, so that there will be 9900/0.523 = 18950 
linear feet of tube. Ther, the length of each tube will be 
189 50 /48 = 39 5 feet. 

66, Air Heaters--Air heaters are also devices for sal- 
vaging heat from the flue gas in order to improve overall 
steam generator efficiency. They are of two general types: 
recuperative, either tubular or platej and regenerative. 


Recuperative, air heater*s depend upon the flow of heat 
from the flue gas through a dividing wall to the air. Ord- 
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narily, in the tubular type the air flows around the outside 
f the tubes and the flue gas passes through the tubes. In 
he plate type the gas and air flow through alternate pass- 
ges. Figure IX-8 shov/s the tubular and plate types of air 
eater . 



(a) Tubular Type 


(b) Plate Type 


Flf. IX-i. R*cupT«tlv* *it 


Rb generative air heaters depend upon the transfer of heat 
from gas to air by the alternate heating and cooling of a 
mass of metal or other heat storing material. Figure IX-9 
shov/s the principal type of regenerative air heater in use at 
the present time. This type uses corrugated steel sheets for 
the heat storage material. 

66. Heat Transfer in Air Heater s--P[eat transfer in air 
heaters is a similar mechanism to those previously discussed. 
For tubular air heaters where the gas flows through the tubes 
and the air flows across the tubes, the overall heat trans- 
fer coefficient can be estimated from the equation: 
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( P o w • r ) 


Fl«. XX-#. 




•It 


U = 0 .46 + 0 .00046 G 

where: G = arithmetic mean mass flow 

of air and gas, Ibs/hr/sq ft 

For plate type air heaters the overall coefficient of heat 
transfer can be approximated from the following equation: 

13 0.28 ® 

where: V == arithmetic mear velocity 
of gas and air, ft/sec 
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Regenerative air heaters do not depend upon the transfer 
of heat through a dividing wall for their action* The temp- 
erature relations are somewhat complicated, but, for pur- 
poses of estimation, it can be assumed that (with the rotor 
turning at the usual speed of three revolutions per minute) 
the weight of metal in the rotor will be’: 

Ua 

93.8 


where: = weight of metal, lbs 

= gas flow, Ibs/hr 


and, if 20 USG steel sheets are used, 
(one side of the sheet): 


A 


140.7 


the area would be 


where: A = area (one side) of 

20 U.S. gage stee] sheets, 
square feet 

Example 24 shows the method of estimation of the dimen- 
sions of a tubular air heater. 


Example 24# 


Determine the number and length of tubes and number of 
passes on the air side required for a tubular air heater for 
the boiler of Examples 17 and 20. The tubes are 1# in. OD X 
14 BWG and are spaced on 2^ in. centers. The gas flows 
through the tubes in a single pass and the air flows across 
the tubes. Plan dimensions of the air heater casing are 
12 ft X 18 ft and the tubes run vertically. The air inlet 
is 6 ft X 12 ft and placed so that counterflow is obtained. 


Solution : 


Prom previous examples: 

Air temperature entering air heater 110 P 

Gas temperature entering air heater 650 P 

Gas temperature leaving air heater 250 P 

Heat transferred in the air heater: 

Q = 291, 000(0. 24)(650 - 250) = 28,000,000 Btu/hr 
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Weight of air heated: 


[74/8] [2000] [ 1 5 . 30 -f 8 ( 0 . 0 447- — ^ ) ~0 .7873-0.0063 


- 0 . 01 ] 




= 274,000 Ibs/hr 


Temperature rise in the air is 28000000/ [27 4000(0 .24) ] 

« 425 F and the temperature of the air leaving the air heat- 
er* IS 110 + 425 = 535 P. 


(650 - 425) - (250 - 110) 


log 


650 - 425 
«250 - lie 


= 179 F 


Since the air heater tube sheet is 12 ft X 18 ft, there 
will be [12(l2)/2.5] [18(l2)/2.5] = 5000 tubes in the air 
heater. The gas flow area is 5000 [ n/4] [1 .5 - 2( 0 .083) ] ^/14^ 
= 48.5 sq ft, and the mass flow of gas is G = 291000/48.5 
= 6000 Ibs/hr/sq It. ^ 

Since the air enters the short side of the air heater, 
the air passes between 58 tubes in the first row. The air 
flow area per pass is (58 - 1)(2.5 - 1.5)(6)/12 = 28,5 sq f 
and the ma^ss flow of air is = 274000/28.5 = 9600 Ibs/hr 
per sq ft. 


The overall coefficient of heat transfer is: 


U = 


0.45 + C.00045( 


9600 -h 6000 
2 


) 


3.96 


and. 


28,000,000 

3.96(179) 


39 , 500 Sq ft. 


Each li in. OD tube has an area of 1.5 k/ 12 = 0.393 sq 
per linear foot, so the total length of tube required would 
be 39500/0.393 = 100,500 ft, and since there are 5000 tubes 
the tubes would be 100500/5000 = 20.1 feet long. Each air 
pass is 6 feet high, so there would be 3 passes on the air 
side . 


67. Apportionment of Heating Surfece--The relative ain< 
of heating surface provided in a complete steam generator 
installation is a compromise between the economic factors 
and the practical necessities. For example, air heater su 
face is the cheapest, but combustion considerations limit ; 
temperatures to about 60C F for pulverized coal, oil or ga 
and to about 350 F for stokers. In order to avoid corrosi 
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difficulties, the minimum gas outlet temperature for air 
heaters should be about 250 F. It is usual to limit the 
water temperature leaving the economizer to about 5C F less 
than the saturation temperature in the boiler in order to 
avoid steaming in the economizer. 

Equations can be set up to give the most economical 
temperatures at the various location*^ after the superheater 
in the steam generator. The temperature of the gas leaving 
the furnace is fixed by the characteristics of the fuel; the 
temperature of the water entering the economizer is fixed by 
the most efficient operation of the regenerative cycle; the 
temperatures of the gas and air leaving the air heater are 
fixed as previously mentioned; and the temperature of the 
air entering the air heater is fixed by ambient conditions. 
The boiler screen is ordinarily two or three rows deep and 
receives the major portion of its heat by radiation, so that 
it may be included as part of the furnace cooling surface. 
Then, the temperature of the gas entering the superheater 
will be fixed as the temperature of the gas leaving the fur- 
nace, The temperature of the gas leaving the superheater 
will be determined by the necessities of heat transfer in 
the superheater. The boiler, economizer and air heater are 
then subject to economic analysis as follows (according to 
Helander ) : 

Let: C = annual charges per square foot of additional 
surface^ dollars 

II = heat transfer coefficient for surface 
C/ = annual saving per Btu of heat recovered per 
hour, dollars 

= value of Btu X hours service per year 
overall steam generator efficiency 
Ma, and M« = air, gas and water flows, Ibs/hr 
tg = gas temperatures, deg P 
ta ~ air teirpcratures, deg F 
ttt = water temperatures, deg F 
tv = saturation temperature in boiler, deg F 
a, b, e, i and o are subscripts referring to 

air heater, boiler, economizer, in and out 

To determine the most economical temperature of the out- 
let gas ^rom an economizer when the inlet gas and inlet wat- 
er temperatures are fixed: 



SUPERHEATERS, REHEATERS, ECONOMIZERS AND AIR HEATERS 171 


Gg __ (.tgoe ~ tnie^i^gie ““ tnoe) 
UeCy — tu-ie) 

0,24 __ (tttoe ~ ttcte) = q 

cpvi Mte (tgie ~ t g 0 e) 


To deteririine the most economical temperature of the out- 
let gas from an air heater when the inlet gas and inlet air 
temperatures are fixed: 


C a 
VaCf 

^g 

Ua 


(t 


goa 


( t (20 a 
(t g i a 


t ai a )(t g i a ~ t(2oa) 
it g i a ~~ t ai a') 

t a-i a ) 

r = a 

t ^0 a j 



To 

de t 

erat 

ure 

and 

case 

of 

a b 

gas 

outlet 


ermine the most economical boiler outlet 
water temperature leaving the economize 
oiler-economizer combiration when the ec 
temperature and inlet water temperature 


gas temp- 
r in the 
onoffiizer 
are fixed: 


CeUt> . U g% e ttfoe) 
U eC 0 (t^te ““ tv ) 



To 

deter 

erat 

ure 

and a 

case 

of 

a boi 

gas 

outlet te 

fixed: 



mine the most 
ir temperature 
ler-air heater 
mperature and 


economical boiler outlet g 
leaving the air heater in 
combination when the air 
entering air temperature a 


as temp- 
t he 

heater 

re 


CaUo 

UaCo 


it gi a — taoa) 
(t^ta tv ) 


To determine the most economical boile 
outlet gas temperatures^ water temperature 
omizer and air temperature leaving the air 
of a boi ler-econon izer-air heater combinati 
heater gas outlet temperature, entering air 
water inlet temperature are fixed: 


r and econonizer 
leaving the econ- 
heater in the case 
on when the air 
temperature and 


C oU e _ it gi B — ty ) 
GeUo itgiB — tttoc) 
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UeCa _ {tgie ~ gia " tgoa) 

C«na itgie - tuoe)(tgia “ tuie) 

The following notes will be helpful in coming to a de- 
cision as to the proper combination of boiler and heat re- 
covery apparatus: 

1. If the water cutlet temperature in a boiler-econo- 
mizer combination is not at least 50 F less than 
the saturation temperature in the boiler, try add- 
ing an air heater to the combination. 

2. If the air cutlet temperature from* the air heater 
in a boiler-air heater combination is greater than 
6CC F for pulverized coal, oil or gas, or 350 F for 
stokers, try adding an economizer to the combin- 
ation. 

Table XIV gives some mass flows and heat transfer coeff- 
icients to be expected in commercial practice. After making 
an estimate from the table, the final values of economical 
temperatures can be arrived at by successive approximations. 

TABLE XIV 

GAS MASS FLOWS ANP COEFFICIENTS OF HEAT TRANSFER 

FOR 

STEAM GENERATOR COMPONENTS 

G U 

Lbs/hr/sq ft Btu/hr/sq ft/deg 

Boi’ler 1000 to 5000 3 to 8 

Superheater 2000 to 9000 10 to 25 

Economizer 2000 to 9000 6.5 to 9 

Air Heater 2000 to 9000 2.5 to 4 


Example 25 shov/s the method of application of the pre- 
ceeding equations to the determination of the most economical 
division of heat transfer surface. 

Example 2br 

Determine the most economical temperatures for the boil- 
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er of Examples 17 and 20, given the following additional 
data t 


ji.nnual fixed charges 

Cost of additional boiler surface 

Cost of additional econ. surface 

Cost of additional air htr. surface 

Boiler heat transfer coefficient 

Econ. heat transfer coefficient 

Air htr. heat transfer coefficient 

Cost of fuel 

Hours operated per year 


1 5 o/o 

SlO.OO /sq ft 
SB 4 . 00 / s q ft 
S 1.00 /sq ft 
4 .7 
7 .8 
4 .0 

2 8 .00 / ton 
8000 


Solution : 


C 




28.00(8000) 

2000 (14400) (0.887) 


0.00281 


C^ = 10(0.18) = 1.50 
C^ = 4(0.15) = 0.60 
C^ = 1(0.15) - 0.15 

1. Assuming a boiler-economizer combination: 


The temperature of the water entering the economizer is 
greater than the temperature specified for the flue gas out- 
let temperature, therefore this combination would be im- 
possible . 

2. Assuming a boiler-air heater combination: 


t = 250 F 
goa 


110 F 


0.15(4.7) 

4.0(1.50) 


0.1175 = 


- t 


(t 

P 1 U UtU Ur- 

(t . - 535) 

g\a 


291000 ^ - 110) 

= 1 06 = — a-oa. 

274000 ■ - 250) 

g\a 


535 F 


from which, ^gia ~ ^ ^ aoa ~ 

These temperatures indicate that no boiler surface 
could be justified, but the temperature of the air leaving 
the air heater is too high for satisfactory operation. 


3, Assuming an econcniizer— air heater combination: 
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7.8(0.16) „ (1225 - 300 )(t . - 

= 0 488 = aoa— 

0.60(4.0) • (1225 - t.„)(t.^ - 300 ) 

no o 6 ' ^ 


ui 


Jlttoe — 
1225 ~ 


300 

t . 

gta 


0.322 


t 

ao a- 

t . 

gta 


110 

250 


1.06 


Issume for a first approxiir;at ion that t^^^ = 485 
then. = 650 F and t_-^ = 535 F. Substitution of 

6 * ® ctu a 

these temperatures in equation [A] gives a ratio of 0.414 
instea(i of the required value of 0.488. 


Assume for a second approximation that t^ = 500 F, 
then, ^gia ” ^ ^aaa ~ Substitution of these 

temperaxures in equation lA] ^ives a ratio of 0.503. 

Interpolation gives t^^^ = 498 F, however, this temp- 
erature is too close to the saturation tempera tu re in the 
boiler so the first approximation will be taken as most 
satisfactory . 
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PIP IKG AKD DUCT-WORK 


68 t Power plants require conduit for the transportation 
of fuel, air, gas, water and steam. Conduit for air and gas 
are called ducts, and for other materials are called pipe. 
The variety of conduit is large, but the laws of fluid flow 
apply to all . 

69, P i p i ng--Ca leu lat icns for piping involve the deter- 
mination of pipe size, pressure class and pressure drop. 

Pipe s.iee is determined from the fluid velocity which 
will produce a pressure drop which is not excessive. Table 
XV gives practical velocities for various fluids and vapors. 

TABLE XV 

PIPE LIME VELOCITIES 





f t per 

sec 

Low 

press . 

sat . steam 

66 - 

100 

High 

press , 

sat . steam 

IOC - 

170 

High 

press . 

suphtd . steam 

170 - 

260 

A tD'C 

s . exha 

ust steaD' 

130 - 

200 

Low 

press . 

exhaust steam 

33 0 - 

400 

Boil 

er feed 

— wa te r 

8 - 

12 

Pump 

suction, water 

4 - 

7 

Gene 

ral ser 

vice water 

6 - 

10 

Fuel 

oi 1 


1 - 

4 


Application of the continuity equation will give the solu- 
tion for pipe size, as follows: 

piv — - 

* ° 36cc ~ v ° 

where: M — flow, Ibs/hr 

V = specific volume, cu ft/lb 

V = velocity, ft/sec 

dt = inside diameter of pipe, in, 

A = flow area, sq ft 


I 7f% 
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Pre'S'suTe clws’s (or schedule number) is determined fronn 
the reJaticn: 

1000 F 


vbere: = pipe schedule nurfber 

F = working? pressure in pipe, 
Ibs/sq in . ^ 




TABLE XVI 
continued 
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s = allowable workinf^ stress, 

Ibs/sq in. (lO to If' per cent 
of ultimate tensile strength) 

Table XVI gives pertinent rlata for the various pipe sched- 
ules made at the present time, along with minim un tensile 
strengths for the various grades of steel and wrought iron 
piping materials. 


223 

282 

306 

325 

344 

c 

o 

o. 


- 

o r 

o . 

u >« 

o « 

158 

208 

221 

231 

242 

263 

286 

329 

372 

4 0 and i 
respectiv 


283 

313 

336 

Schedules 

weights 


b e f f in ! 
a strong 


3 

C H 

« 

o x: 

■ c 
• 

2 375 

2 875 

3 500 

4 000 

4 500 

5 5b3 

0 625 

8 625 

10 75 

12 75 

: e : Bold 

st endard 


o o 
ac ^ 

O OO O 
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Pre'sfsure, drop is determined by the application of the 
pipe friction formula^ as follows: 


AP 


0.00518 


f L 


Ah 


0.745 


f L 


where: AP = pressure drop, Ibs/sq in. 

Ah = press^ire drop, ft of fluid 
f = a friction factor 
L = equivalent length of pipe, ft 

V = average fluid velocity, ft/sec 

V = specific volume of fluid, cu ft/lb 
d^ '= inside diameter of pipe, in. 


The equivalent length of pipe is equal to the sum of 
the length of straight pipe plus an allowance for valves and 
fittings. Figure X-1 gives the equivalent pipe length allow- 
ances . 


The friction factor is a function of Reynolds’ number, 
which is in turn a function of the size of the pipe, and the 
velocity, density and viscosity of the fluid. That is. 


r 


122.5 


z v 


where: r = Reynolds’ number 

z = viscosity of fluid, cent- 
i poises 


Figures X-2 and X~3 show curves of viscosity for water, steam 
and oils, and specific gravity for oils. Figure X-4 shows 
the relation of friction factor to Reynolds’ number. 

Pipe fitting's are specified by pressure class and mater- 
ial. Figures X-5 and X-6 and Table XVII show some piping 
details and standard types of fittings. Figure X-7 shows 
some of the various types of valves used in power plants. 

Examples 26-A and 26— B show the method of calculation of 
pipe data based on the proceeding information. 
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Globe Valve, Open - 



Angle Valve, Open 
Swing Chwelc^V«lir< 


Cloae Return Bend - 


Standard Tec ^ 
Through Side Outlet 




Standard Elbow or run ofj 
Tee reduced Vi 




Medium Sweep Elbow or_ 
run of Tee rkluced V4 


Long Sweep Elbow or - 
run of Standard Tee 



EXAMPLK: The dotted line shows 
that the resistance of a 6'' Std. Short 
Radius Elbow is equivalent to 16 ft of 
6" Std. Pipe. 

N OTE : For sudden enlargements or 
contractions, use the smaller diameter, 
d. on the pipe size scale. 


> Gate Valve 
^^Clomd 

ViaoMd 

^aomd 

Fully Open 

Standard Tee 

' r* 

Square Elbow 


Borda Entrance 


- PTr|^D-| - 


Sudden Enlargelbent' 

— ‘‘/d- W 

— ‘>/b-V4 

— <‘/D-?4 


Ordinary Entrance 




Sudden Contraction 

d/D-M 

— ‘V'D-Vi 
— ‘Vd-I* 


45* Elbow 

Or<linary Exit 


Reprinted by permiation of Crane Co. 


Fig. X-1. Equivalent straight pipe length 

for valvee and pipe fittlnge. 
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(a) Viscosity 
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Temperature, in Degrees Fahrenheit 

1) Midcontirent residuum^ S=0.97; (2) California heavy 
rude^ S=0.976j (3) Residuum, S^O.94; (4) Eastern li^ht lub- 
icatin^ oil, SAE 30; (5) Midcontinent light lubricating 
il, S=0.90; (6) Olive oil; (7) Eastern light lubricating 
il, S^E 10; (8) California light crude, S=0.9l; (9) Mid- 
ontinent crude, S=0.85. 

% ~(^b)^ Specific Gravity 



■iH?iTRnitf7iT;ntCT» 


emperature, in Degrees Fahrenheit 


< C r • n • C 


teri«tic8 of oetroleum oili 




w 


6 / 8 3 10 ?0 

Value of Reynolds Number, in Thousands 


500 600 700 800 900 1,000 

Value of Reynolds Number, in Thousands 


Curve 

No. 

Rough- 

1 Diameter of Pipe, in Inches 

% 

Type A Type B 

Type C Type D Type E 

Type F 

1 

0 2 

0 35 up 72 



2 

0 45 

48 to 66 



3 

0.81 

14 to 42 

30 48 to 96 96 

220 

4 

1.35 

6 to 12 

10 to 24 20 to 48 42 to 96 

84 to 204 

5 

2 1 

4 to 5 

6 to 8 12 to 16 24 to 36 

48 to 72 

6 

3 0 

2 to 3 

3 to 5 5 to 10 10 to 20 

20 to 42 

7 

3 8 

11/2 

21/2 3 to 4 6 to 8 

16 to 18 

8 

4.8 

1 to IVi 

IVi to 2 2 to 21/2 4 to 5 

10 to 14 

9 

60 

¥4 

11/4 11/2 3 

8 

10 

7 2 

Vz 

1 11/4 


11 

10.5 

¥8 

¥4 1 

4 

12 

14.5 

¥4 

¥2 

3 

13 

19 0 

Vs 



14 

24 0 

0.125 

¥8 


15 

28 0 




16 

31 5 


V4 


17 

34.0 




18 

37.5 

0 0625 

¥8 


T 

ypeA: E 

)rawn tubing, and brass 

Type D : Elest cast iron pipe, cement. 

tin, lead, and glass pipe 

and light riveted sheet ducts 



Type B* Clean steel and wrought 
iron pipe 

Type C : Clean galvanized pipe. 

In drauon tubing, the actual 
inside diameter it given 


Type E: Average cast iron pipe 
and rough formed concrete ducts 

Type F; First class bnck, heavy 
riveted, and spiral riveted ducts 
In pipe, the nominal size ef 
aiandard voeight it gioen 

(Cffans Co.) 


Friction 


Rctor with relation to Reynolda* 
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(Crane Co.) 

Fig. X-6. Piping detail*. 
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Example 26-Ai 

Deteririne the nearest standard pipe size and pressure 
drop for a steair lire (seamless Grade A steel pipe) carry- 
ing 30,000 Ibs/hr at 215 psig and 560 F. The line contains 
100 ft of straight pipe, 2 gate valves, 1 globe valve, 

1 swing check valve and 3-90° elbows . 

Solution : 


The stearr is at a moderately high pressure and is super- 
heated, so a velocity of 180 ft/sec is selected. The re- 
quired inside diameter is: 


The pipe schedule number (allowing a factor of safety 
of about 10) is: 

. 1000(215) _ 

4800 

Schedule 40 pipe would be safe enough. The inside diameter 
Of 5 in. Schedule 40 pipe is 5.05 in. which is close enough 
to the required 4.65 in. The true velocity of the steam is! 


0.16(30000) (2.531) 
n(5.05)^ 


- 152 ft/ sec 


In order to determine the friction factor, Reynolds' 
number is calculated (finding the viscosity, z, from Figure 
X-2) as follows: 


122.5(5.05) (152) 
0 .025(2.531) 


1,485,000 


From Figure X-4, the friction factor is 0.016. 

The total equivalent length of pipe is found with the 
aid of Figure X-1, as follows: 


Straight pipe 100 ft 

2 Gate valves 2(2.8) = 5.6 ft 

1 Globe valve 140 ft 

1 Swing check valve 31 ft 

3 90° Elbows 3(14) 42 ft 

Total equivalent length 318.6 ft 
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The pressure 
tF = 0 .0051P 


drop is : 

(0.016K318.6)(162)* 

2.5?1(5.05) 


47.7 psi 


Example 26-B. 

PeteriTiine the nearest standard pipe size and pressure 
drop for a seamless Grade A steel pipe carrying 40^000 Ibs/hr 
of residual fuel oi] at a pressure of 200 psig and a temp- 
erature of 200 F. The specific gravity of the oil at 60 VGO'"® 
is 0.94. The pipe lire contains 50C ft of straight pipe^ 
6-90® elbows^ 2 gate valves, 1 swing check valve, and 1 
globe valve. 

Solution : 


From Figure X-2 b,the specific gravity of the oil at 
200®/60® is 0.89, from which the specific volume v is 
1/ [62 . 4(0 .89 ) ] = 0.018 cu tt/lb, and taking V = c ft/sec. 


d, = 0.4[ 


40000(0.018) 


in , 


ci ir . {Schedule 40 pipe has an inside diameter of 
2.548 in. The actual velocity would be: 


0.16(40000)(0.018) 

n(3.548)^ 


2.91 ft/sec 


Reynolds' number is calculated using the viscosity, z, 
from Figure X-S a, as follows.* 


122.5(2.548)(2.91) 

17(0.018) 


4130 


From Figure X-4, the friction factor is 0.041. 
The total equivalent length of pipe is: 


Straight pire 

500 

6 90 ® Elbows 6(9.5) 

57 

2 Gate valves 2(2.0) 

4 

1 Swing check valve 

21 

1 Glebe valve 

100 

Total equivalent length 

682 
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The pressure drop is: 


Ah = O.Ty? 


(0.041)(682)(2.91)=' 

3.548 


49 ft o£ ot] 


70. Friction in Condensers and Feed-Water Heater s--Fric'“ 

tion losses in condeesers and feed-water heaters may be cal- 
culated from the pipe friction formula, but it is more usual 
to use the curves shown 'in Figure X-8 for the losses in the 
tubes and Figure X-9 for the losses in the water boxes. 



Examples 27-A and 27-B show the method of calculation 
of head losses in the condenser and feed-water heater of Ex- 
amples 9 and 11 . 
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Water Velocity in Tubes, ft per sec 


Flf. X-9. Head loss in condenser snd feed-water heater 

water boxes. 


Example 27-At 

Determine the head loss in the tubes and water boxes of 
-he condenser of Example 9. 

Solution: 

From Figure X-8, the head loss in 3/4 in . X 18 8WG 
tubes at a velocity of 8 ft/sec is 5.1 ft per 10 ft length 
of tube. The water box head loss for a two-pass condenser 
at a velocity of 8 ,ft/sec, from Figure X-9, is 3.6 ft. 

Then the total head loss is: 
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Tubes 5.1(45.5/10) 23.3 ft 

Water boxes 3.6 


Total head loss 


26.9 ft 


Example 27-B. 


Determine the head loss in the tubes and water boxes 
of the feed-water heater of Exanple 11. 


Solution : 


Frorr Fi^^ure X-P^ the head loss in 5/ P in. X 16 BWG 
tubes at a velocity of 6 ft/sec is 4.2 ft per IG ft len^^th 
of tube. The water box head loss for a six-pass heater at 
a velocity of 6 ft/sec, from Fif?ure X— 9, is 6.9 ft. Then 
the total head loss is: 

Tubes 4.2[7.6e(6)/lC] 19.4 ft 

Water boxes 6.9 


Total head loss 


26.3 ft 


7 1. Duct- V*or k--The method of calculatin.f? the dimensions 
of ducts for ^as or air are very similar to these employed 
for piping. Ducts usually operate at maxiirurr pressures of 
the order of several inches of water, so that ordinarily if 
the duct is stronj^ enoug^h to support itself without buckling, 
it will be strong enough to withstand the pressure. 

Duct 'size is determined by substituting the allowable 
velocity in the continuity equation, as for piping. Ducts, 
hov/ever, are usually rectangular in cross section rather 
than round. Table XVIII gives reasonable velocities in 
ducts. The higher velocities apply to higher static pres- 
sures . 


TABLE XVIII 
rUPT VEL0C1HL3 

ft per sec 

Air ducts 2G ~ PG 

Gas ducts 20-40 


Stacks 


20 - 40 
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Pre'S'sitre drop (or draft lo'ss} is usually measured in 
inches of water, and is given by the equation’: 

Ap = 0.00?98 ^ ^ 

R 

where: Ap = draft loss, in. water 

p = density of gas, Ibs/cu ft 
R = hydraulic radius of duct, ft 
= area/perimeter 


Reynolds’ number is as for piping, except that the 
smallest dimension of the duct (if rectangular) is substi- 
tuted for the inside diameter of the pipe. Viscosity in 
centipoises for various gases can be found from the follov/- 
ing equations: 

Flue gas: z = 0.C163 + 2.5 X 10”"® t 
Air: z = 0.0165 + 2.5 X 10""® t 
where: t = temperature, deg F 
Figure X-IC shows densities for air and flue gas. 

Length allowances for bends iray be found from Table XIX 
after converting rectangular duct sizes to equivalent round 
duct diameter by the equation: 


(a -t b)®-*®® 

where: d^ = equivalent round duct 
diameter, in. 

a and b = rectangular duct 
dimensions, in. 

Figure X-11 shows some typical ducts, and Example 28 
shov/s some sample duct calculations. 

Example 28. 

Determine the draft loss in the flue gas duct between 
the economizer and air heater for the boiler of Example 17, 
The duct has a straight length of 20 ft and has 2-90® bends 
with a radius of 8 ft. The maximum width of duct is 12 ft 
and the maximum gas velocity is 20 ft/sec. 



Tensity; lbs per cu ft 
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Flue Gas Teirperature ; F 


Fig. X-lO, Densities of sir and flue gss. 


TABLE XIX 

eoiiivaleft llwtps of ri’ci befts 

Fisn’eters of Ttrai^^ht Tuct 
ar^le tends 

Oenter line radius ir to 8 dia. K 

Oerter line radius 1 dia, 

Mitred rif^ht an^le eltov^ 



93 
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Solution : 


From Example 2?, the ^as temperature is 660 P, and from 
Figure X~10, the density of the cfas is 0.0375 Ibs/cu ft, 
which is equivalent to a specific volume of 26.7 cu f t/lh . 
The required area of duct is: 


291000(26.7) 

3600(20) 


108 sq ft 


The duct dimensions are then 9 ft X 12 ft. 


The viscosity of the t^as is z - 0.0153 + 2.5 X 10 ® (650) 
= 0.03155 centipoises. Reynolds’ number is: 


122.5(9)(12)(20) 

0.03155(26.7) 


314,000 


and the friction factor is found to be 0.0152 (Curve 1, Fig- 
ure X-4) . 


The equivalent duct diameter is: 

* 1.35[{(108)(144)} '’••*V{108 + 144}®-**»] = 83 in. 

and the radius of the bends is 8(l2)/83 = 1.15 dia., for 
which the allowance is 20 diameters of duct each. The total 
equivalent duct length is: 

Straight duct 20 ft 

2-90® bends 2(20)(e3) 277 

12 

Total equiv. length 297 ft 

The draft loss in the duct is: 


= 0.00 298 


(0 .0375) (0 .0152) (297 ) (20 )* 
10P/[2(12) + 2(9)] 


0.078 in. 
water 


72. Pipe and Duct I nsu I at ion-*Most pipes and ducts 
which carry liquids or gases whose temperature is very much 
different from the ambient temperature require insulation of 
some kind to prevent heat transfer to or from the surround- 
ings . The most common insulation materials for pipe and 
ducts are asbestos, magnesia, mineral wool and diatomite. 
These materials are made in the form of blocks, moulded cir- 
cular sections, blankets or plastic for application with a 
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rov/el. Figure X“-12 shows some of the various forirs of in- 
ulation and Figure X-13 gives theririal conductivities for a 
ariety of materials with the approximate temperature ranges 
or best utilization. 



Fig. X - 1 2 . 


Insulating materisls. 
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^lean Temperature of Insulation, deg F 

( F . T . Morse) 

Fig. X*13. Therirel conductivities of insulating materials. 

Heat transfer through insulation follows the same laws 
as previously discussed. It is not usual, however, to make 
an exhaustive analysis of the econonic factors involved, but 
to use an economic selection chart such as is shown ir Fig- 
ure X-14 . Example 29 shows the use of the chart. 

Example 29. 

Find the most economical thickness of 85 o/ o magnesia 
pipe covering for the steam line o'f Example 26-A , ilmbient 
temperature is 90 F; cost of insulation 24 cents/bd ft; 
fixed charges 20 o/o; used 8000 hrs/yr; fuel costs S2.00 
per bbl of 6,300,000 Btu . 

Solution : 

From Figure X— 13, the conductivity of 85 o/o magnesia 
at a mean temperature of 325 F is 0.53. The value of the 
heat in the fuel is 20.318 per million Btu. Entering Figur 
X-14 at 8000 hours and following the dotted lines, the most 
economical thickness of 85 o/o magnesia insulation for a 
5 in. pipe is determined as 2 in. 
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leonoalcal T h I e k n • ■ ■ 
of In^ulatioA^ Inch** 
0 12 14 5 



Fig. X*14. Selection chert for insulation thicknesi 
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PROJECT III 


1. The power plant of Projects I and II is to contain 
three steam generators. One will be operated continuously^ 
one will be operated to handle peak loads and one will be a 
spare. Each steam generator will have a capacity sufficient 
to handle one turbo-generator at full load. The fuel oil 
has a higher heating value of 18,500 Btu per lb as fired and 
the analysis is as follows: Carbon = 0.851, hydrogen = 0.11, 
oxygen = 0.022, nitrogen = 0.002, sulphur = 0.013, and mois- 
ture = 0.002. The expected flue gas analysis is: Carbon 
dioxide = 14.0 o/o, carbon monoxide =0 o/o, and oxygen >= 

3.0 o/o. Expected steam generator efficiency is 86.5 o/o. 
Temperatures expected are: Combustion air, 100 F; flue gas 
to stack, 300 F; fuel oil at burners, 175 F; and gas enter- 
ing superheater, 1500 F. 

(a) Make a heat balance for the steam generator and calculate 
the weight of fuel fired per hour. 

(b) Estimate the furnace volume required and specify the 
furnace dimensions. 

(c) Estimate the effective radiant surface in the furnace 
and the number of linear feet of 2^'* OD tubes spaced on four 
inch centers in the furnace walls and boiler screen (assume 
that the boiler screen consists of three staggered rows K 

(d ) Estimate the superheater surface required and calculate 
the number and length of 2” OD X 12 BWG tubes required (ass- 
ume that the superheater is placed in one boiler pass). 

(e ) Estimate the most economical temperatures for the re- 
mainder of the steam generator. Assume that boiler surface 
costs $8.00, economizer surface $3.50 and air heater surface 
$0.90 per incremental square foot with annual fixed charges 
of 12 o/o. 

(f ) If boiler surface is justified, estimate the amount 
necessary and the number of rows and banks of 2 t’' OD X 12 
BWG tubes required . 

(g) If economizer surface is justified, estimiate the amount 
necessary and the number and length of 1 ^" X 12 BWG tubes 
required . 

(h) If air heater surface is justified, estimate the amount 
necessary and the number and length of 1|-” OD X 16 BWG 
tubes required for one of the recuperative type with the gas 
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through the tubes . Calculate the number of gas passes neces- 
sary if the maxiiruffi tube length is 2C ft. 

2. Specify the pipe sizes and calculate the pressure 
drops for the following lines in the power plant of Projects 
I and II : 

(a) Circulating water: Suction line, 50 ft with three 90° 
elbows. Pump to condenser, 6 ft with one 90° elbow and one 
gate valve. Condenser discharge, 100 ft with four 90° el- 
bows. 

(b) Condensate: Suction line, 10 ft with two 90° elbows 
and one gate valve. Discharge line, 50 ft with eight 90° 
elbows, six gate valves and one swing check valve. Assume 
vapor condenser tube velocity is 5 ft per sec through two 
6 ft passes . 

(c ) Boiler feed: Suction line, 40 ft with three 90° elbows 
and one gate valve. Discharge line, 75 ft with eight 90° 
elbows, two gate valves, two swing check valves and one 
glooe valve . 

(d ) Main turbine lead (manifold to throttle): Length, 60 
ft with the equivalent of 3-90° elbov/s and one gate valve. 

(e) Extraction to closed heater: Length, 15 ft with two 
90° elbows, one gate valve and one swing check valve. 

3. Specify the size and estimate the draft loss for 
the following ducts for one of the steam generators of part 
one ; 

(a) Air heater to.wtfidbox (if necessary): Length, 50 ft 
with two 90° benas . 

(b) Economizer to air heater (if necessary): Length, 20 ft 
with two 90° bends. 

(c) Air heater, economizer or boiler to induced draft fan: 
Two ducts in parallel, each with length of 20 ft with one 
90° bend and one 45° bend. 

4. Specify the insulation thickness to be used in the 
following locations in the power plant of Projects I and II 
(fixed charges 15 o/o and ambient temperature 90 F) : 

(a) Main turbine lead: 85 o/o magnesia at SC. 21 per bd ft. 

(b) Preheated air ducf: Mineral wool at SC. 05 per bd ft. 
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73. Water handlinff equipment consists of pumps and water 
softeners. Pumps inay be either reciprocating or rotating; 
and water softeners may be eittier precipitating or .base ex- 
changing . 

74. Types of Pump s-*Pumps are used to move liquids^ us- 
ually through pipe lines^ and at the same time to increase 
the pressure (head) of the liquid. 

Reciprocating pumps inay be simplex or multiplex; steam 
driven or motor driven; or of the plunger or piston type. 
Figures X-1 and X— 2 show two of the various types of recip- 
rocating punps . Reciprocating pumps have the advantsge of 
being able to operate at extremely high discharge heads or 
extremely low suction (inlet) heads; and to operate at var- 
iable delivery with good efficiency. 



(W«rren Steem Pump Co.) 
Fig, XI-1. Duplex •t«am driven pump. 


Rotating pumps may be centrifugal, turbine, screw or 
gear; steain driven or motor driven; single stage or multi- 
stage. Figures XI— 3 through XI— 7 show a number of rotating 
pum.ps of various types. Rotating pumps have the advantage 
of simplicity and being adapted to direct drive by high 
speed turbines or motors. They have the disadvantage of be- 
ing unable to start pumping at negative suction pressures 
without being primed. This disadvantage is not serious, 
however, because it is always possible to find a type of 
pump which can be installed with a flooded suction. 




WATER HAKPLIKG EPUIPMEKT 



imp wi»h hydraufic setf-bai^inctng device for very 



Singie-stage, double-suction pump. 
(Sleeve or Balt Bearing) 


WATER HANDLIK6 EQUIPMENT 


20 3 

75. Head and Work Relations in Puraps--Cons iderat ion of 
a pump as a work transferring device will show that the work 
input to the pump is equal to the work output plus the loss- 
es^ or': 


whp = e ^(shp ) 

where : whp and shp = water horsepower 
and shaft horsepower 
e ^ = pump efficiency 


Water horsepower is the povzer required to move the water, 

or : 


M H. 

P 60 X 33000 

where: = water flow, Ibs/hr 

= total head on pump, 
ft of fluid 


The total head on the pump is the sum of the 
losses in the pipe, the increase in velocity head 
the pump, the entry losses and leaving losses for 
tern, the difference in pressure between inlet and 
and the difference in static heads, or: 


friction 
thr ough 
the sys- 
d ischarge 






2g 


+ H. 




- H 






where: = friction in piping, ft 

V = velocity, ft/sec 
= static head, ft 
= pressure head, ft 
Eg = entry and exit losses, ft 


Figure XI-E shows pump and pipe systems with the various 
heads in relation to the above equation. It should be noted 
that the static head on the inlet side of hot water pumps 
should always be great enough to prevent boiling in the eye 
of the pump impeller due to pressure reduction belov; the sat- 
uration pressure corresponding to the temperature of the 
water. An empirical equation which gives the static head at 
the pump suction is as follows: 
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h = 0.32 X 10-’ t®-* 

where.* h = static head on pump suction, ft. 
t = water temperature, deg F. 
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expected for various types of pumps for po?/er plant ser- 
vice . 


TABLE XX 

CEFTPIFUGAL IWl TATA 

Cap.^ ^pir Head^ ft Speed, rpm Eff., o/o 

Boiler feed 10 to 4CC SCO to 6000 1200 to S600 70 

Condensate 10 to 400 SO to 300 1200 to 3600 70 

Condenser 20C to 5CCC0 10 to FO 120 to 45C 80 

General 6 to 100 10 to 300 1200 to 3600 75 

77. Lav^s of Similarity for Centrifugal Pumps--The per- 
formance of centrifugal pumps follows certain definite patt- 
erns and laws. Figure XI-9 shows typical performance curves 
for two types of centrifugal pump. It will be noted that 
the head capacity curve has a falling characteristic and the 
horsepower curve reaches a maximum and then falls. The 
’’self-limiting*' power characteristic is of value in prevent- 
ing the overloading of the driver in case the pump should 
operate against zero head. 

The following equation expresses the laws of similarity 
for centrifugal pumps. 

Ai - 

A.P ■ [pjY 

X Y 

a=qmph qm 

B = N1132 01 

B = r2252 01 

where: Q = capacity, volume K = speed 

M = capacity, weight p = density 

D = diameter 

It will be seen that, for any given pump, the quantity of 
water delivered varies directly with the speed, the head 
with the square of the speed and the power with the cube of 
the speed. The equation will be valuable in predicting the 
effect of changes of speed or impeller diameter for a par- 
ticular pump. 


F H = A 

1 ID const 

1 1 N const 

F = power 
H = head 
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Fig. XI-9. Centrifugal pump parform«nce curvet. 

Example 30 shows the method of computing the specifi- 
cations for a centrifugal pump, and Example 31 shows the 
method of estimating the effect of changes in pump speed or 
impeller diameter. 


Shaft Horsepower 
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Example 30t 

Specify the capacity in {Gallons per minute and total 
dynamic head in feet for a centrifugal boiler feed pump to 
operate under the following conditions: Plow 28800 Ibs/hr 
at 297 P; static lift 20 ft; friction losses 2 ft in suction 
line and 20 ft in discharge line; inlet velocity 6 ft/sec 
and outlet velocity 10 ft/sec; entrance and exit losses 
one-half of the velocity head; pressure in boiler 400 psia 
and in open heater 64 psia. 

Solution: 

The capacity of the pump is: 

Cap. = 28800(0.01742) (7. 48 )/60 = 62.5 gpm 

The total dynamic head is: 


Static lift 20 ft 

Friction losses 22 

Velocity head [10*-5^]/2g 1.2 

Entrance and exit losses 0.6 

Press, head (400— 64) (144)(0 .01742) = 843 ft 

Total dynamic head 886.8 ft 


Example 31-A. 

A centrifugal pump with an impeller diameter of 12 in. 
operates at 3600 rpm and delivers 100 gpm at 300 ft head. 
What would be the capacity and head if (a) the impeller dia- 
mieter were reduced to 10 inches, or (b) the speed were re- 
duced to 1800 rpm? 

Solution : 

(a) At constant speed, the capacity and head are pro- 
portional to the square of the diameter. 

100 _ (12)"^ 300 _ (12)^ 

Q, (10)^ H, (10)2 

Qg = 69.5 gpm = 208 ft 

(b) At constant diameter, the capacity is proportional 
to the speed and the head is proportional to the square of 
the speed . 
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100 3600 300 

" 1800 Hj (1800)* 

0,2 = 50 ^pm H 2 = *75 ft 

Example 31-Bt 

A three sta^e boiler feed pump with 17 inch diameter 
impellers is rated at 1000 ^pm at 675 ft TDH with a motor 
speed of 1760 rpm . The characteristic curves are shown as 
solid lines in Figure XI~10 . It was found when the pump was 
placed into operation that the boiler feed system head loss 
had been overestimated, and instead of being 675 ft at 1000 
gpm was actually 600 ft. It was proposed to correct the 
pump characteristics by turning down the outside diameter 
of the impeller. Calculate the required impeller diameter 
and plct the new characteristic curves for the pump. 
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XI-IO. Effect cf reduced impeller diemeter on 
centrifugel pump Chereeterietlce. 
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Solution : 

An empirical method for determinatiun of the new impel- 
ler diameter is as follows: 


1 . Praw a line from the origin through the new spec- 
ification point to intersect the original head^cap- 
acity curve . 

2. Read the head and capacity at the point of inter- 
section and solve for the impeller diameter fromj 
both head and capacity relations in the pump equa- 
tion . 

2. Obtain the root mean square of the two solutions 
for impeller diameter. 

This method can be illustrated, as follows: 

1. The line from the origin through the new specifi- 
cation point intersects the origina] head-capacity curve 
at 640 ft and 1070 gpm . 

2. Soiving for impeller diameter, 

1070 _ (17)^ 640 _ (17)^ 

1000 “ (Pa)^ 600 “ (P*)* 

P 2 = 16.40 in. Dg = 16.45 in. 


3. The root mean square of these two solutions is: 


p ,y [(l6.40)" i (16.45)^ 


16.425 in. 


The new head curve can be plotted by applying the pump 
equation at several points on the original curve, as follows’ 

1200 ^ 555 _ (17.000)*"' _ - n .7 ^2 " 1^20 gpm 

Qa " P 2 ” (16.425)*" * H* = 519 ft 

Q* ' H 2 ‘ = 696 ft 

etc . 

The new power curve can be plotted in a siniiiar manner, 
as follows: 
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1200 

gpm 

248 

(ly.ooor , 

P 2 = 210 

hp 

1120 

^pm 

Ps 

(16.425) ' 



800 

gpm 

224 

1.182 

Pj = 190 

hp 

748 

gpm 

P* 





etc . 

The new characteristic curves are shown as dotted lines 
on Figure XI-lO . 

78, Water Tre atmen t-- A1 1 natural waters contain quant- 
ities of dissolved salts which make the water undesirable 
for use in steam generators. Calcium and magnesium salts 
precipitate in the boiler to form scales or sludges which 
adversely affect the heat transfer coefficients. Sodium 
salts are soluble at all temperatures, but excessive con- 
centrations of dissolved sodium salts lead to foaming which 
has the bad effect of causing deposits in superheaters and 
turbines. It is the purpose of water treatment to either 
remove the undesirable salts before they reach the boiler 
or to produce conditions within the boiler which are such as 
to cause precipitation of the undesirable salts in forn:s 
which will not produce scale and which can be easily removed 
from the boiler by blowdown. 


Calcium and magnesium bicarbonates are soluble at ord- 
inary temperatures, but when water containing them is boiled 
the bicarbonates decompose to carbonates and precipitate. 

The fact that bicarbonates can be removed by boiling gives 
them the name temporary hardne*s>s (hardness is a measure of 
the soap destroying power of water). Non-carbonate salts of 
calcium and magnesium produce what is termed permanent hard^ 
n»s>s, that is, boiling has no effect as with temporary hard- 
ness . 


Hardness can be removed from water in two general ways 
(in addition to boiling to remove temporary hardness, which 
has no extensive commercial application): by precipitation 
or by base exchange . 

79. Precipitation Sof ten i ng--Prec ipitation softeners 
may operate either by the cold process or by the hot process. 
Due to the fact that roost of the slightly soluble calcium 
and magnesium salts exhibit a decreasing solubility with 
increasing temperature, the hot process of softening is more 
efficient than the cold process. There are cases, however, 
where the cold process must be used (such as softening of 
municipal water supplies). Following are detailed explan- 
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ations of the various processes. 

Tht cold lime and alum process uses either quicklime 
or hydrated lime for the precipitation of temporary hard- 
ness and filter alum for the production of a floe which aids 
in the coagulation of the precipitate and in the removal of 
bacteria and dirt. Figure XI-11 shev/s a typical softener 
operating with this process. The reactions are: 

CaCHCOa)^ + Ca(0H)^-^2CaC0 3* + 2H^0 

Mg(KC 03)2 + 2Ca(CH) Mg(0H)2t + ^CaCOgi + 2 HpO 

COp + Ca(OH)p— CaOOgt HpO 

AlpCSOJa + SCa (OH )p—i- 2^1(011) at + 3CaS0j 



(Power ) 


Fig, XI-11. Cold proceaa aoftenar. 

The lowest hardness which can be produced by this process is 
about 70 parts per million, which is the solubility of cal- 
cium carbonate at ordinary temperatures. 

The cold time^soda and alum process uses lime and alum, 
as in the previous process, plus soda ash to precipitate 
non-carbonate hardness. The apparatus employed is identical 
with that used for the lime and alum process. The addition- 
al reactions are: 
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CaSO, + NasCOg— CaCOaf + NajPO, 

CaCls + NaaCO,— ^CaCOst + 2KaCl 

M?SO* + Ca(OH)j + NayCOa— — M?(OH)st + CaCOst + NasSO. 

MgClp + Ca(OH), + NasCOa-— -Mg(OH)at + CaCOg t + 2NeCl 

In this process it is customary to use excess soda ash in 
order to depress the solubility of calcium carbonate by com- 
mon ion effect. Figure XI— 12 shows the hardness attainable 
by the use of excess soda ash. 



XX>12. Residual hardnaaa resulting 
from use of e ir c s o « soda ash. 


Tht hot lime^soda proce>^s is similar to the cold lime- 
soda and alum process, except that the alum is not used be- 
cause at elevated tem*peratures magnesium hydroxide forms a 
floe. The reactions are the same as previously given, and 
the residual hardness can be estimated from Figure XI-12. 
Figure XI— IS shows a typical hot process softener with its 
auxiliaries . 


Example 32 shows the method of calculation of quant- 
ities of chemicals required for softening by the various 
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Jet preheater 


Oil separator 



Fif. Xl>13. Hot process softener* 

precipitation irethods . tTseful chemical tables will be found 
in the Appendix . 

Example 32 -A. 

A water of the following analysis is to be softened 
with lime and coagulated with 10 ppm of aluminum sulphate 
(filter alum): Ca = 62 ppm; Mg = 31 ppm; Na = 38 ppm; 

HCO 3 = 250 ppm; SO^ = 139 ppm; Cl = 11 ppm; CO^ = 16 ppm. 
Determine the weight of 90 0/0 hydrated lime and 95 0/0 
crystalline filter alum required per thousand gallons of 
water . 

Solution : 


The first step in the solution is the conversion of the 
ionic analysis to the hypothetically combined form, as 
fellows : 


Ions 

ppm 

+epni 

~epm 

Combinations 

epm 

ppm 

Ca 

62 

3.10 


CaCHCO,)* 

3,10 

251.5 

Mg 

31 

2.56 


MpCHCO, ), 

1 .00 

73.2 

Na 

38 

1.65 


Met SO* 

1 .55 

93.5 
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Ions 

ppm 

+epiB 

-epm 

Comb inat ions 

epm 

ppm 

HCO 3 

250 


4.10 

Na2S^4. 

1 .34 

95.1 

SO 4 

139 


2.89 

NaCl 

0 .31 

18 .2 

Cl 

11 


0.31 




Sub . tot 

531 

7 .30 

7.3C 


7 .30 

531.5 

CO 2 

16 





16 

T otal 

647 





547.6 


It will be noted that the hypothetical combinations are made 
in a definite order, as follows: 

Positive ions Negative ions 

Ca HCO 3 


Next, the reactions are written with molecular weights 
and parts per million, as follows: 

162.1 74.1 

Ca(HC03)2 + Ca(0H)2 *-2 CaCCsf + H^O 

261.6 = 115 ppm 

146.2 148.2 

Mg(FC 03}2 + 2 Ca(0H)2 — ^Mg(0H)2t + 2 CaCOgf + 2 H 2 O 

73.2 X 2 = 74.1 ppm 

120.4 74.1 

MgS 04 -f Ca(0H)2 — — Mg(0H)2t + CaSO^t 

93.5 X 3 = 57.5 ppro 

44.0 74.1 

CO3 + Ca(0H)2--»-‘CaC03t + H2O 

16.0 X 4 = 27.0 ppm 

666.4 ;S22.3 

Al, (204)3 I8H2O + 3 Ca(0H)2 — --2 Al( 0 H) 3 t + 3 CawS04t + IF H; 
10(0.96) x« = 3.2 ppm 

Total 90 0/0 hydrated lime required = 276,8/0.90 - 308 ppm 
Total 95 0/0 tilter alum required 10 ppm 

The final water analysis would be: NaCl = 18 ppm; 
Fa22C4 = 96 ppm; hardness about 70 ppm as CaCOa . 

One thousand gallons of water = 8.33 X lO""** million lb 
Therefore, the lime required is 2.66 lbs per thousand gallo 
and the alum required is 0.0P3 lbs per thousand gallons. 
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Example 32-6. 

The water of Exarrple 32-A is to be softened by the lime 
soda and alum process. In order to depress the solubility 
of calcium carbonate^ 25 ppm of excess soda ash is added. 
Petermire the weight of 95 o/o soda ash required in addition 
to the lime and alum. 

Polu tion : 

The reactions with molecular weights and parts per mill- 
ion are: 

120.4 106.0 142.0 

kgPO^ + Ca(0H)5 -f Na^COs— -Mg(0H),< + CaCO^ i + Na*P0^ 

92.6 yi = 82.3 ppm = 110.0 

ppm 

666.4 318.0 

i^3j(PO.^)3 -leHsO + 3 Ca(0H)2 + 3 Na2C03-^2 Al(0H)3t 
9.6 y^ = 4.5 ppm 

426.0 

4 3 CaCOs^f 4 3 Na^PO^ 

Z 2 = 6.1 ppm 

The total 95 c/o soda ash required (including excess) is 
111.8/0.95 = 118 ppm. 

The final water analysis would be: NaCl = 18 ppm; 

Na2604 >= 211 ppm; NajOOg = 25 ppm; hardness about 50 ppm 
as CaCOa . 

The soda ash required would be 0.98 lbs per thousand 
gallons . 

If this water were to be softened by the hot lime soda 
process (atmospheric pressure)^ the alum would be omitted 
and the final water analysis would be’: NaCl = 18 ppm; 

MagPO^ = 205 ppm; NajCOg = 25 ppm; hardness about 22 ppm 
as CaCOg . Slightly less lime would be used because of the 
omission of the alum. 

80, Base Exchange Softening — Several natural minerals 
called zeolites (complex sodium aluminum silicates) have the 
property of base exchange, that is, they will exchange their 
sodium for calcium or magnesium, or vice versa, depending 
upon which is present in the greatest concentration in the 
solution passing over them. Synthetic zeolites of various 
types have been made which have greater exchange capacity 
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than the natural materials as well as the ability to operate 
with acids or bases. 

The sodium cycle exchanges sodium for calcium or mag- 
nesium in the softening run, and vice versa in the regener- 
ating run. Regeneration is accomplished with strong brine 
(ordinary salt) solution. Some* of the reactions arel 

Softening: 

NapZ + CaCHCOs)^ 2 NaPC 03 + CaZ 

Na^Z + Mg(HC 03 )p-^ ZNaRCOg -f MgZ 

Fa^Z + MgClj 2F3C1 + MgZ 

Regeneration : 

CaZ + 2FaCl— — NasZ + CaCl^ 

MgZ + ZNaCl--*- Na^Z + MgCl^ 

Both magnesium and calcium chlorides are extremely sol- 
uble and are washed out, with the excess brine, with raw 
water. When the wash water becomes soft the washing is 
stopped and the zeolite is ready for another softening run. 
Figure XI-14 shows a typical zeolite softener which operates 
on the sodium cycle. 


. Atr 
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The hydrogen cycle exchangi5S hydrogen- for all metals, 
and the regeneration is accomplished with acid. Some of the 
reac t i ons are : 

Softening : 

H.Z + CaCHCOg),— *- 2 H 5 C 03 + CaZ 

H.Z + CaClj— .-2HC1 + CaZ 

Regenera t i on : 

GaZ + ^HjZ + CaSO* 
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The acid adsorbing cycle employs a synthetic resin 
which has the property of being able to adsorb acids from 
solution and of being regenerated by alkali, as follows: 

Ad sorption : 

R + HC1-— R*HC1 

Regeneration : 

R*HC1 i NaOH— ^R + NaCl + H^C 


When the acid adsorbing cycle follov;s a hydrogen zeo- 
lite cycle and a deaerator water of almost as good quality 
as commercially distilled water is produced. The process is 
quite economical and requires much less investment than a 
distillation plant where pure water is required for indus- 
trial use. It does not appear, hov/ever, that the process 
has any advantages ever the evaporator in a regenerative 
power eye le . 

8 1, Boiler W^ter Tr eatinent--Even in cycles which use 
evaporators for makeup water it is necessary to use some 
form of boiler water treatment because contamination of the 
boiler water results fron even a small amount of condenser 
leakage or carryover from evaporators. It is even more 
necessary to treat boiler water in cycles where makeup is 
raw or softened water. Boiler water treatment has four ob- 
jectives t 


1 . 

To 

prevent 

corrosion of 

the 

boiler or 

power piping 

2 . 

To 

preve n t 

emb r i 1 1 lement 

of 

boiler metal. 

3. 

To 

preve nt 

formation of 

scale in the 

b oi ler . 

4. 

To 

ers 

prevent the formation 
or turbines . 

of 

de pos its 

in superheat- 


The methods of accomplishing these objectives are as follows 

Corrosion is prevented by maintaining the boiler water 
within a narrow alkaline range as indicated by the pH (which 
should be between 10 and ll) and by removing as much as poss 
ible of the dissolved gases in the condensate or boiler feed 
before it reaches the boiler. 

The alkalinity is maintained by the use of caustic soda 
soda ash or one or more of the polybasic phosphates. The 
phosphates have the advantage of helping to prevent scale; 
caustic soda has the disadvantage of inconvenience ir hand- 
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lirg as well as the ability to cause boiler embrittlement 
when not cjcsely controlled; and soda ash has the disadvant- 
age of decomposing to caustic soda and releasing carbon di- 
oxide which, when in solution, is corrosive to piping. 

The removal of dissolved gases was discussed under 
feed-water heaters. The best deaerating feed-water heaters 
will not remove all of the dissolved oxygen from the boiler 
feed, so it is customary to maintain a residual of about 10 
ppm of sodium sulphite in the boiler water to act as an oxy- 
gen scavenger, according to the reaction: 

2 Fa 2 S 03 + 0^-^2Na2S0^ 

The sodium sulphate produced has the advantage of helping to 
inhibit boiler embrittlement. 

Boiler embrittlement, which is caused by caustic attack 
on intergranular cementite, is prevented primarily by avoid- 
ing riveted boiler drums, and inhibited in all cases by 
maintairirg concentrations of certain materials in the boil- 
er water. The best known inhibitor is sodium sulphate which 
is maintained at a ratio of about three to one with relation 
to the concentration of sodium carbonate in the boiler water. 
Trisodium phosphate has an embrittlement inhibiting property, 
and will replace an equal weight of sodium sulphate for this 
purpose. Organic inhibitors, such as sodium lignin sulphon- 
ate (from sulphite paper mill wastes) and quebracho extract 
(a tannin) are also used to some extent. 

Scale formation is usually prevented or m.ininized by 
maintaining a residual of phosphate ion (about 50 ppm) in 
the boiler water. Calcium phosphate is less soluble than 
calcium carbonate or calcium sulphate, which are the princi- 
pal constituents of boiler scale, but it precipitates as a 
sludge which is much less adherent than the other calcium 
precipitates. Sludge conditioners, such as sodium alginate 
(from certain seaweeds) and starches, are sometimes used to 
inprove the fluidity of the sludge, thus making it easier to 
remove by boiler blowdown. 

Deposits in superheaters and turbines are the result of 
carryover of solids from the boiler with the steam. These 
deposits can be prevented or minimized by careful attention 
to the maintenance of a practical minimum of dissolved sol- 
ids in the boiler water by proper blowdov;n, and by the in- 
stallation of efficient steam purifiers inside the boiler. 
Figure XI-16 shows several types of steam purifiers which 
are used in modern steam generators . 
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Flf. XI«16, SteaiF purifiors. 
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CHAPTER XI 


FUEL HANDLING EQUIPMENT 


82. The simplest fuel handlirg equipment will be found 
in the plant which burns gas. The complexity of the system 
increases when fuel oil is used^ and becom.es a large part of 
the plant investment when coal is burned. 

83. Gas Burning E au I pmen t--The fuel handling equipment 
for a gas burning plant would consist of a pipe line bring- 
ing the gas to the plant, a gas holder (when the supply is 
subject to fluctuation), gas meters, control valves and 
burners. Figure XII— 1 shows the elements of a gas fuel sys- 
tem and figure XII— 2 shows a typical gas burner. 


« o 



Fig. XII>1. G m m fuel syatem. 


84. Fuel Oil Burning Equip- 
ment--The fuel handling equipment 
for a fuel oil burning plant 
would consist of unloading facil- 
ities (docks or railroad sidings), 
tanks (for about a 30 day sup- 
ply), pumps, strainers, heaters, 
control valves and burners. Fig- 
ure XII— 3 shows the elements of 
a fuel oil burning system and 
Figure XII— 4 shows a typical oil 
burner with mechanical atomiz- 
ing and steam atomizing burner 
tip details. Figure XII-5 shows 
a so-called rotary cup oil burn- 
er which embodies a forced draft 
primary air fan, fuel oil pump 
and controls . This type of burn- 
er is well adapted to small 
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Flf. XII-2. G«« burner. 
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Fig. XIIoS. Rotary cup oil burner. 


ccal is necessary; as well 
as conveying equipment for 
storing and reclaining the 
coal, bringing the coal to 
sizing crushers and then 
to the plant bunkers . If 
the plant operates with 
lump coal it will be fed 
from the bunkers to the 
stokers through weighing 
devices. Then, after the 
fuel is burned, the ash 
must be disposed of in 
some way (some companies 
sell it for road surf act- 
ing or for concrete block 
aggregate). Figure XII— 6 
shows a typical lump coal 
(stoker) burning system, 
and Figure XII— 7 shows a 
pulverized coal system of 
the direct firing type. 



(Stcph«n«>AdaiBaon Mfg. Co 


Fig. 
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stoker syst 
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Fig, XII-7. Coal pulveriser system, direct firing. 

Soinetimes the pulverizers are operated to store pulverized 
coal ir bunkers from vthich it is fed to the burners. The 
storage system requires smaller pulverizers than the direct 
firing system, but the storage of pulverized coal is hazard 
ous and more plant space is taken up by the extra set of 
bunkers. Figure XII— 8 shows a coal storage yard with the 
coal handling machinery. 

86 . Stokers--The equipment used for burning lump coal 
in a boiler furnace is known as a stoker, and it may be 
either underfeed or overfeed, depending upon whether the co; 
comes in under or over the air supply. 

Over/eed <stoker^s may be of the travelling grate type 
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(suitable for free burning coals), the chain grate type 


(suitable for caking coals), 
irg or travelling grates (su 
coals). Figure XII-9 shows 



or the spreader type with dump- 
table for a wide variety of 
ome of the various overfeed 

stokers in use at the pres- 
ent time . 

Underfeed stokers are 
of' the retort type and are 
suitable for high volatile 
coals. There maybe one or 
more retorts, depending up- 
on the amount of fuel to be 
burned. Figure XII-10 shows 
typical single and multiple 
retort stokers presently in 
use . 

(Link B«lt Co.) 


BELT PROPELLED AUTOMATIC 



Fig, XII«8. Co«l ttorage syttem. 

Table XXI shows some ap prox irr-ate data for fuel burning 
rates per square foot of area for the various types of stok- 
ers . 

TABLE XXI 

FUEL BimFIFG HATES FOR STOKERS 
Founds per hour per square foot 


Overfeed 

Spreader - 40 

Travelling and chain grates 

Anthracite ?5 

Bituminous 60 

Underfeed 

Single retort 40 

Multiple retort SO — 60 

N 






'‘sifOING floffOM' 




OVL«"F<'r^P airports 


ROCKift BA»t 


DUMP GKATES* 


PUMP 0«ATti 


AUXlUARV 

AIPCHAMBeft 


' AyiKiyA;R¥ 

AIR cviAf^ae.a 


maim AfH 

CMAM»t« 


ClAMPtR- 
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(Comb. Engrs.-eupht 

(a) Siritile retort. 


(b) Multiple retort 
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(Comb. Entrg..8uphtr.. Inc.) 

(c) Bowl mill 


»nn«dy-Von 8*un Mfi 

(d) Tube mill 


87. Pu 1 ver i 2er s--The function of a pulverizer is to 
grind previously crushed coal to a fine powder (about 90 per 
'cent through a 200 mesh screen) so that it will burn in a 
manner similar to gas or oil. The pulverizer may be of the 
types shown in Figure XII— 11, Mill exhauster fans may be 
built into the pulverizer^ as with the attrition mill, or 
they may be separate. Mill feeders may also be built in or 
separate. About twenty per cent of the total combustion air 
is used as primary air (always preheated) for conveying the 
coal from the pulverizers to the burners. Pulverizers re- 
quire powerful motors, and Table XXII shows approximate 
power requirements for the various types of mill. 


Fig . 


X 1 1 - 1 1 . 


Pul v«ri ««r«. 





88. Pulverized Coal Burn- 
Ors--A pulverized coal burner Is 
designed to mix the coal and 
primary air with secondary air 
as it is blown into the fur- 
nace. A few of the many types 
of pulverized coal burners are 
shown in Figure XII-12. 




(a) Vertical 


89. Horizontal Cyclone 
8urner**A recent development 


( c) Hor iz.opta 1 

R f» g r g • - S u p h t r , 


(b) Tanrentisl 
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TABLE XXII 

PULVERIZER POWER REQUIREMENTS 

Ball and race mill 8-12 


FI f . XII . 12 . 


Pulverised coal burners. 


ning 
s the 
cyclone 
h is de 
urn low 
oal at 
without 
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types of fuel burning equipment because most of the combus- 
ticn takes place in the cyclone. Coal, crushed to about 
four mesh size, is fed with primary air at high velocity in- 
to the rear end of the burner where it is met by a high vel- 
ocity tangential stream of secondary air. The coal sticks 
into a layer of molten slag and burns as the air blows across 
it.. The slag is continuously moving toward a drain hole at 
the bottom of the burner front from which it drips into the 
main furnace. 


90. Furnace Bottoins--Fur nace bottoms vary in design de- 
pending upon the type of fuel to be burned. Some of the var- 
ious types of furnace bottoms are shown in Figure X^II-14. 
Furnaces for gas or oil usually have sloping flat water cool- 
ed bottoms. Furnaces for stokers, naturally, have the bot- 
tom made up of grates or retorts. Furnaces for pulverized 
coal may be of the wet or dry 

bottom types. The wet bottom ^ ^ — n 

type has little or no cooling 

surface on the furnace bottom, 

po that the ash which falls ‘ 

on it remains in the molten ||jr 

condition in a pool, from which , . ^| I I ' 

it is tapped, either continu- 

ously or intermittently. The^dry I ~ || TSi 1 - 

bottom furnace has a completely i ! | {||| |j| 

cooled hopper bottom, so that the / ! • I : 

ash which falls to the bottom is ■ : z !j l j ! I| || I 

cooled sufficiently to be removed Z\ |vS | 

in granular form.. 


SGCONOARY- Am INtXT 


rRIMARY-AlllAhll 
COAL INLE1 


(Babcock B Bllcos) 


rif . XII. 15, 


Throe - fuel burnt 


Fig. XtI-16. Sulphoti 
paper mill choaiicol ri 
cooory boiler. 


9 i| d n s > * • a 1 ■ 1 *qic09) 
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91. Multiple Fuel Burning I nsta 1 I at i on s-- In some local- 
ities more than one fuel may be available, and plants have 
been designed to burn two or three fuels separately or in 
combination. Figure XII-15 shows a three-fuel burner for 
pulverized coal, oil or gas. Other plants have been designed 
to burn industrial wastes in combination with some other 
fuel. Figure XII— 16 shows a sulphate paper mill chemical 
recovery boiler which burns black liquor (containing lignin) 
in combination with fuel oil. 


92. Ash Removal Sy stems--Coal burning plants must have 
somie means of ash removal. Stoker firing produces a large 
cinder which can be dropped into a hopper car in an air lock 
under the boiler, or remjoved by a screw conveyer, as shown 
in Figure XII— 17. Pulverized coal ash can be tapped from 
wet bottom furnaces into quench pits from, which it can be 
transferred to any desired location by sludge pumps. Dry 
bottom furnaces may discharge into a conveyor or a quench 
pit as with the wet bottom furnace. One of these systems 
is shown in Figure XII-18. 


93. Dust Co I I ect or s--Coal burning plants which are lo- 
cated close to population centers must be furnished with 
some sort of apparatus to remove dust and cinders from the 
flue gas in order to avoid the creation of a nuisance. Pul- 
verized coal plants produce an extremely fine ash (called 
flyash), and at least half of the ash in the fuel goes along 
with the flue gas. Stoker fired plants do not produce sig- 
nificant amounts of flyash but some small cinders do travel 
through the steam generator. It is often thought that fuel 
oil produces no flyash, but some Florida cities have ordin- 
ances requiring dust collectors on fuel oil burning power 
plants within their municipal limits . 


Girder catchers operate 
on the principle of changing 
the direction of gas flow so 
that heavy particles will drop 
out of the gas stream. Fig- 
ure XIl-19 shows a cinder trap 
of this type . 

Dust collectors may be of 
the centrifugal type, which op- 
erate in a manner somewhat sim- 
ilar to the cinder trap except 
that the gas velocity is high- 
er) the electrostatic type 
which uses a high direct cur- 
rent potential to charge the 
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(b) Multiple 


Fit# Xll-aO* Cy«l©n* 4 « • t c « 1 1 • c I: o r * . 

the dust particles so that they may be collected on elec- 
trodes; the bag type which employs fabric bags to filter the 
gas; and the wet scrubber which uses water for washing the 
gas* Figures III-2C through XII-23 show these various types 

of dust collector* 

■ 
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CHAPTER XIII 


DRAFT EQUIPMENT 


94* Draft equipment consists of fans and stacks (or 
chimneys) whose purpose is to supply air for the combus- 
tion of fuel and to remove the products of combustion from 
the steam generator for disposal to the surrounding air. 

95. Fan8--Fan8 in use for the production of draft are 
almost always of the centrifugal type, although some small 
installations use axial flow fans and the new horizontal 
burners use axial flow blov/ers. 


Axial flon fans follow the same laws of similarity as 
centrifugal pumps, but the shapes of the characteristic 
curves are considerably different. It will be noted from 

Figure XIIT— 1 that 
the pressure curve 
has an unstable 
region which makes 
it impossible to 
parallel two axial 
flow fans within 
the region of best 
operating effic- 
iency . 







. .J:- 

-,y I i 

^ I . 



Wing CO. 


Fit. 

f a I 


XI I I • 1 . Asi a 1 f 1 
eharaetari otlea. 


Centri fuga I 
fans follow the 
same laws of sim- 
ilarity as centrif- 
ugal pumps, but 
their characteristic 
curves will have 
somewhat different 
shapes due to the 
use of several 
different types of 
blade arrangement. 
Blade arrangements, 
as shown in Figures 
XIII— 2 through 
XIIl-5, may be 
either forward 
curved, backward 
curved, radial or 
combination . 
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The fornarcL curved blade fan has e limited application 
in po?7er plants because it is possible to overload the motor 
at zero head. In addition, it is impossible to operate these 
fans in parallel because of the existence of more than one 
point on the head-<iapaci ty curve which has the same ordinate. 
Such a characteristic leads to hunting (instability) in the 
system . 
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The radial blade j\an is extensively used in pulverizer 
exhausters because it is difficult for the blades to become 
fouled. Otherwise, the power characteristic is unfavorable 
as with the forward curved blade fan. 


The backuard curved blade fan is the most popular type 
in use in power plants because, like the centrifugal pump. 
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it ha^ a self-liiriting power characteristic^ and^ due to the 
continually falling bead-capacity characteristic two or 
Eore fans can be operated in parallel without hunting. 

The- combination blade fan has characteristics intercned- 
iate between those of the radial and backward curved blade 
f ans . 


96. Heed and Work Relations In Fans*--As previously men- 
tioned, centrifugal fans are similar to centrifugal pumpB> 
the only difference being in the fluid pumped and the magni- 
tude of the pressure rise. It can be seen that I 

ahp = e^(shp) ' 

where: ahp and shp = air horsepower 
and shaft horsepower 
fan efficiency 

Air horsepotter is the power required to move the air, or 

" 6b" X SSOOO 

where: M = flow, Ibs/br 

* total bead on fan 
ft of fluid 

Since pressures in the steam generator combustion air 
and flue gas circuits are stated in terms of inches of water 
and fan capacities are stated, in cubic feet per minute, air 
horsepower is also 

. __ 62,4 a h, 

■ ® P 12 X 33000 

where*. Q =* fan capacity, cu ft/min 
= total pressure rise 
through fan, in. water 

The total pressure rise through the fan is the sum of 
the friction losses in the ducts and apparatus; the increase 
in velocity head through the fan; the losses at the entrance 
and exit of the system; the difference in pressure between 
the inlet and discharge; and the static head (or chimney 
effect), or 
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V*^ -V* 


h/, - 

^cL 




+ h. 


Figure XIII~6 shows a steam generator with its fan and 
duct system and the location of the various positive and 
negative pressures. 




Fig.XIIl>6* Strain generator fan and duct ayatem. 

97, Fan Speeds--The maximum efficiency of fans is appra 
imately the same regardless of type or size. Larger fans wi 
operate at slower speeds than smaller ones for the same head 
Table XXIII shows the ranges of speeds and sizes to be expec 
ed for fans in use in power plants. 
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TABLE XXIII 


ABBREVIATED PERFORMANCE— IMPROVED EXHAUSTERS— HIM OR LS. WHEEL 


1 Pmn 81 m No. 

11 

13 

18 

17 

10 

21 

23 

28 

29 

33 


41 

1 WKool Dimm. 

16^ 

20' 

23' 

26' 

30' 

33' 

36' 

40' 

46' 

83' 

60' 

-66' 

2*SP. 

CFM 

1172 

1886 

2170 

2794 

3826 

4312 

8176 

6120 

8248 

10640 

13396 

16464 

2000 O.V. 

RPM 

1308 

1040 

908 

800 

694 

631 

879 

820 

452 

393 

346 

315 

BHP 

66 

.90 

1 23 

1 88 

2 OO 

2 43 

2 92 

3 46 

486 

6 01 

7 36 

930 

3'SP. 

CFM 

1463 

1982 

2712 

3492 

4407 

8390 

6470 

7650 

10310 

13300 

16745 

20580 

2800 O.V. 

RPM 

1600 

1288 

1110 

984 

850 

776 

710 

640 

853 

483 

426 

388 


BHP 

1.23 

1 69 

2 31 

2 97 

3 73 

4 88 

8 so 

680 

8 78 

11 30 

14 20 

17 50 

4'SP. 

CFM 

1756 

2379 

3283 

4101 

8289 

6468 

7764 

9180 

12372 

18960 

20094 

24696 

3000 O.V. 

RPM 

1863 

1490 

1298 

1140 

990 

908 

830 

743 

647 

862 

498 

480 


BHP 

2 02 

2 73 

3 74 

4 80 

606 

7 40 

8 90 

lO SO . 

14 20 

18 30 

23 OO 

28 40 

8'SP. 

CFM 

1004 

2377 

3326 

4540 

8730 

7007 

8411 

094S 

13403 

17290 

21768 

26784 

3280 O.V. 

RPM 

2063 

1680 

1430 

1266 

1100 

lOOO 

918 

828 

715 

623 

550 

500 

BHP 

« 70 

3 66 

8 OO 

6 43 

8 14 

9 91 

11 90 

14 10 

19 OO 

24 50 

30 90 

38 00 

6'SP. 

CFM 

2081 

2778 

3797 

4889 

6170 

7846 

9058 

10710 

14434 

18620 

23443 

28812 

3800 O.V. 

RPM 

2260 

1803 

1870 

1390 

1203 

1098 

1003 

900 

784 

r 683 

1 600 

846 

BHP 

3 48 

4.72 

6 43 

8 30 

10 80 

12 80 

18 40 

18 20 

24 SS 

31 70 

39 80 

49 00 

7'SP. 

CFM 

2197 

2974 

4068 

8239 

6610 

8683“ 

9708 

11475 

15468 

19950 

23117 

30870 

3780 O.V. 

RPM 

2440 

1980 

1693 

1498 

1300 

1180 

1080 

978 

843 

736 

650 

890 

BHP 

4 34 

8.86 

8 08 

lO 38 

13 08 

18 98 

19 IS 

22 60 

30 80 

39 40 

49 BO 

61 OO 

8'S P. 

CFM 

2344 

3172 

4340 

8888 

7082 

8624 

10352 

12240 

16496 

21280 

26792 

32928 

4000 O.V. 

RPM 

2608 

2000 

1808 

1600 

1383 

1268 

1188 

1040 

903 

782 

692 

630 

BHP 

530 

7 16 

980 

12 60 

18 93 

19 48 

23 38 

27 60 

37 20 

48 00 

60.50 

74.40 

lO' S P. 

CFM 

2637 

3868 

4882 

6286 

7933 

9702 

11646 

13770 

18558 

23940 

30141 

37044 

4800 O.V. 

RPM 

2920 

2330 

2028 

1790 

1880 

1418 

1298 

1168 

1010 

880 

776 

708 

BHP 

7 SO 

10 13 

13 90 

17 88 

22 60 

27 60 

33 20 

39 lO 

82 90 

68 20 

85 SO 

108 SO 

12' S P. 

CFM 

2930 

3968 

8428 

6988 

8818 

10780 

12940 

18300 

20620 

26600 

33490 

41160 

8000 O.V. 

RPM 

3218 

2860 

2223 

1070 

1710 

1888 

1428 

1288 

lllO 

968 

886 

776 

BHP 

10 OO 

13 80 

1880 

23 80 

30 10 

36 70 

44 10 

82 20 

70 30 

90 73 

11400 

140 30 


ABBREVIATED PERFORMANCE— TYPE HV FANS, SINGLE WIDTH, SINGLE INLET 


Fan Sin* No. 


1 

m 

IVi 

l*A 

2 

2*/4 

2 Vi 

2% 

3 

3*4 

3*4 

4 

4*4 

8 

WImm1X>U. 


13' 

levs' 

19*4' 

22%' 

26' 

29*4' 

32*4' 

35%' 

39' 

42*4' 

♦5*4' 

62' 

58*4' 

63' 

rhiiv. 

CFM 

1035 

1613 

2322 

3156 

4123 

5220 

6444 

7782 

9288 

10890 

12660 

16524 

20880 

25800 

RPM 

509 

407 

327 

281 

245 

217 

197 

178 

164 

146 

136 

120 

106 

96 

.000 V.P. 

HP 

.12 

16 

.22 

29 

.38 

.48 

‘ .59 

75 

85 

1 04 

1 22 

1 59 

2 00 

2 47 


CFM 

1122 

1748 

2516 

3419 

4472 

5655 

6981 

8430 

10062 

11798 

13715 

17910 

22620 

27950 

RPM 

637 

51C 

412 

353 

308 

273 

247 

224 

206 

188 

174 

152 

135 

122 

.106 V.P. 

HP 

.19 

.29 

.36 

.49 

.64 

81 

1 00 

1 20 

1 44 

1 64 

1 90 

2 48 

3 13 

3 87 

*4' a p. 
IWO V. 

CFM 

1208 

1882 

2709 

3682 

4616 

6090 

7518 

9078 

10836 

12705 

14770 

19278 

24360 

30100 

RPM 

748 

598 

490 

420 

367 

325 

294 

264 

245 

222 

206 

180 

160 

144 

.123 V.P. 

HP 

.28 

.44 

.54 

73 

.95 

1 20 

1 48 

1 76 

2 13 

2 45 

2 85 

3 72 

4 70 

580 

r 8-P. 

CFM 

1294 

2016 

2903 

3945 

5160 

6525 

8055 

9727 

11610 

13613 

15825 

20655 

26100 

32250 

1800 O.V. 

RPM 

851 

680 

557 

478 

417 

369 

335 

302 

279 

252 

233 

204 

181 

163 

.140 V.P. 

HP 

.39 

.61 

.72 

.90 

1 28 

1 61 

1 99 

2 38 

2 87 

3 28 

380 

4 97 

6 26 

7 75 

114' 8.P. 
O.V. 

CFM 

13M 

2150 

3096 

4206 

5504 

6960 

8592 

10375 

12384 

14520 

16880 

22032 

27840 

34400 

RPM 

944 

754 

618 

530 

463 

410 

371 

336 

309 

280 

261 

228 

203 

182 

.100 V.P. 

HP 

52 

.80 

.93 

1.26 

1 66 

209 

258 

3 13 

3 72 

4 33 

502 

6 55 

8 27 

102 

iJfeo.v. 

CFM 

1SS2 

2420 

3482 

4734 

6192 

7830 

9666 

11672 

13932 

16335 

18990 

24786 

31320 

38700 

RPM 

1039 

830 

683 

585 

512 

453 

410 

369 

341 

308 

286 

250 

222 

200 

B02V.P. 

HP 

.70 

1 09 

1 30 

1.77 

2 31 

292 

361 

4 25 

5 20 

5 82 

6 77 

8 82 

11 1 

13.8 


MOTE. For parfonnanc* ol double width, doubt* taiot HY Fans (ovuUablo in alXM No l^i and torpar) multiply CFM x 2, RPM x I OIS, 
BHPx21 ondOV x I II 


ABBREVIATED PERFORMANCE— TYPE W FANS, SINGLE WIDTH, SINGLE INLET 


Fan BIxa No. 


1*4 

IH 

1*4 

1% 

8 

2*4 

2*4 

ZV* 

3 

3*4 

3*4 

3% 

4*4 

4% 

WKoal Dia. 


16*4' 

17%' 

19*4' 

22%' 

80' 

29*4' 

32*4' 

38%' 

39' 

42*4' 

43%' 

80%' 

58*4' 

61%' 

%' S.P. 

CFM 

1344 

1627 

« 1935 

2630 

3440 

4350 

5370 

6485 

7740 

9075 

1055<5 

129QP 

15519 

19390 

1000 O.V. 

RPM 

809 

735 

620 

532 

464 

412 

372 

338 

310 

286 

266 

240 

218 

196 

.062 V.P. 

HP 

.11 

.13 

.14 

.19 

.25 

.32 

39 

48 

57 

.66 

77 

94 

1 13 

1 41 

%'SP. 

CFM 

1613 

1952 

2322 

3156 

4126 

5220 

6444 

7782 

9288 

10690 

12660 

15480 

18623 

23268 

1200 O.V. 

RPM 

1035 

940 

792 

680 

594 

520 

476 

432 

396 

366 

340 

308 

280 

250 

.000 V.P. 

HP 

.24 

.29 

.29 

.40 

.52 

.66 

.81 

98 

1 17 

1 37 

1 59 

1 94 

2 34 

2 92 

%' 8.P. 

CFM 

1747 

2115 

2516 

3419 

4472 

5655 

6981 

8430 

10062 

11798 

13715 

16770 

20175 

25207 

1300 O.V. 

RPM 

1188 

1079 

908 

778 

680 

604 

544 

494 

454 

418 

389 

351 

320 

286 

.106 VJP. 

HP 

.37 

.45 

.43 

.59 

.77 

.98 

1 20 

1 46 

1 73 

204 

2 36 

289 

3 48 

435 

1' S.P. 

CFM 

1882 

2278 

2709 

3682 

4816 

6090 

7518 

9079 

10836 

12705 

14770 

18060 

21727 

27146 

1400 0 V. 

RPM 

1325 

1203 

1012 

868 

760 

676 

608 

552 

506 

468 

434 

392 

358 

320 

.T33 V.P. 

HP 

.51 

.62 

.60 

.83 

1.08 

1 36 

1 66 

204 

241 

284 

3 30 

4 02 

4 85 

6 0S 

IW 8.P. 

CFM 

5oi6 

2441 

2903 

3945 

5160 

6525 

0055 

9727 

11610 

13613 

15825 

19350 

23279 

29085 

im O.V. 

RPM 

1449 

1317 

1108 

948 

830 

736 

664 

604 

554 

51 1 

474 

428 

390 

349 

.140 V.P. 

HP 

68 

.82 

.80 

1.09 

1.42 

I 79 

221 

268 

3 19 

3 75 

4 35 

5 32 

6 40 

800 

1%' S.P. 

CFM 

2150 

2603 

3096 

4208 

5504 

6960 

8592 

10376 

12384 

14520 

16880 

20640 

24830 

31024 

O.V. 

RPM 

1567 

1423 

1204 

1032 

902 

800 

722 

656 

602 

555 

1 516 

465 

424 

380 

.160 V.P. 

HP 

.86 

1 04 

1 01 

1 37 

1 80 

2 25 

2 81 

341 

4 03 

4 76 

548 

i 6 75 

8 13 

10 15 


MOTE. For porlormonco of doubt# width, doubt* ial*t typ* W Fans (araltabl* in sisos No 1% and larger) multiply CFM x 2, RPM x I 02, y 
BHP X 2 08 and OV x 1 tl. 
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fundamentals^ of power plant engineering 


98. Draft Losse s^-Since a steam generator installation 
may include both forced and induced draft fans, the draft 
losses may be divided into two classifications, as follows: 

1. Forced draf t (pressure ) losses (air system). 

a. Loss in duct between fan and air heater. 

b. Loss in air heater. 

c. Loss in duct between air heater and windbox. 

d. Loss through fuel bed or burner. 

2. Induced draft losses (flue gas system). 

a. Loss between furnace and boiler outlet. 

b. Loss in duct between boiler and economizer. 

c. Loss in economizer. 

d. Loss in duct between aaonomizer and air heater. 

e. Loss in air heater. 

f. Loss in duct between air heater and fan. 

g. Loss in duct between fan and stack. 

All of the draft losses, except those for the ducts, 
are usually taken from data supplied by the manufacturers, 
but the methods of estimating the losses are of interest. 


Duct draft lo's^svs have been discussed in Chapter X. 


Air heater draft lo's>sefs vary according to the arrange- 
ment of the surfaces . The draft loss on the gas side of 
tubular air heaters can be estimated by treating the air 
heater tubes as round ducts in parallel and using the av- 
erage gas velocity; considering the inlet and outlet boxes 
as part of the main ducts; And adding 0,05 inches of water 
draft loss for each right angle turn. The draft loss on the 


air side of tubular air heaters may be estimated by using 


the empirical formula 
angle turn): 

Ap - 


(adding 0.05 in. E^O tor each right 


0.0002307 


f N (G/1000)* 

p 


where: Ap = draft loss, in. water 
f = a friction factor 

= 0,06 for in-line tubes 
= 0.09 for staggered tubes 
N ^ number of restrictions 
p = arithmetic mean gas 
density, Ibs/cu ft 
G “ mass flow of gas, Ibs/hr 
per sq ft of flow area 
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Fu€l bed or burner draft los'svs can be estimated from 
Figures XIII-7 and XIII~0. 




o 


Cfl 

u 

X- 

<D 

CD 


0 

D 



Coal Firirg Rate, lbs per sq ft per hr 


rif XIII-7. Fu«J b«d draft 



thousand lbs per hr 


Fit. XI II -• 


Burner draft letsee. 
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Bailer, superh eat er and economiser draft lo^s^sefs depend 
upon the arrangement of the surfaces and the mass flow of the 
gas. Draft losses for fire-tube boilers can be estimated in 
the same manner as for the gas side of tubular air heaters. 
Draft losses for water-tube boilers, superheaters and econ- 
omizers can be estimated in the same way as for the air side 
of tubular air heaters. 

Due to the fact that ducts and boiler settings are never 
gas tight, an allowance of ten per cent on the gas volume and 
air volume should be made when specifying fan sizes. The 
normal practice is to control the furrace draft at between 
0.1 and 0.2 inches of water to allow the opening of inspec- 
tion doors without danger to the operators. Some modern 
steam generators, however, especially marine types and those 
utilizing the horizontal cyclone burner, dispense with the 
induced draft fan and operate entirely with forced draft. 
Figure XIII— 9 shows some draft loss curves for a typical 
steam* generator. It will be seen that, as in all devices 
involving fluid flc?j, the draft loss is proportional to the 
square of the quantity flowing. 

Example 33 shov/s the method of making fan specifications 

Ex amp 1 e 33 . 

Determine the fan specifications for an oil tired boil- 
er producing 300,000 lbs per hour of steam at 925 psia and 
900 F from feed-water at 300 F. The fuel is that of Example 
15 with a heating value of 18500 Btu/lb, and it is burned 
with 15 o/o excess air to produce a boiler efficiency of 
89 o/o. Air temperature is 100 F and flue gas temperature 
is 300 F. The boiler draft losses are shown in Figure 
XIII-9. 

Solution : 


Heat added to steam = (1450.9 - J69.6) 

= 1180.2 

Btu/lb 

„ 300000(1180.3) 

Oil fired = — ^ “ 

0.89(18500) 

21500 

Ibs/hr 

Theoretical air 

13.9 

Ibs/lb 

Actual air = 13.9(1.15) 

Weight of air per hr.(incl. 10 o/o 

16.0 

Ibs/lb 

leakage) 

378000 

Ibs/hr 


Density of air at 100 P 0.07 Ibs/ft* 

Volume of air at 100 F 88800 cfm 
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2^5 



Fig. XIII-9. St*«m f«n«T«tor draft lettam. 


Wet gas produced 17.0 Ibs/lb 

Weight of gas per hr. (incl. 10 o/o 

leakage) 402000 Ibs/hr 

Tensity of gas at 300 F 0.05b Ibs/ft 

Volume of gas at 300 F 122000 cfm 

From Figure XIII-9^ the forced draft loss is 8.8 in. of 
water, and the induced draft loss is 16.7 in. of water at a 
steam flow of 300^000 Ibs/hr. 

The fan specifications would be: 

Forced draft fan: 89,000 cfm air at 100 F, 9 in. water 

Induced draft fan’: 122,000 cfm gas at 300 P, 17 in. 

water . 
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99. Stacks--Small boilers may depend entirely upon 
stacks for the production of the necessary draft for oper- 
ation, while large steam generators use stacks mainly for 
flue gas disposal, with draft production for emergency oper- 
ation without the fans a secondary consideration. As a mat- 
ter of fact, most large steam generators are completely in- 
capable of being operated without the induced draft fan. 

A stack produces draft because the hot gas inside is 
less dense than the air outside. The draft produced by a 
stack is proportional to the height of the stack and to the 
difference in density between the outside air and the flue 
gas^ or (allowing for friction in the stack) 

h = 0.254 B H - 0.77 i-Ll. (^ - 1) 

a i t a 

where: h = draft produced by stack, in. water 
B = barometric pressure, in. Hg 
H = height of stack above duct inlet, ft 
T a = outside air temp, deg R 

arithmetic, mean gas temperature, deg R 
p '= density of gas, Ibs/cu ft 

= inside diameter of stack, ft 
f = a friction factor 

= 0.0013 for steel stacks 
'= 0,0018 for brick-lined stacks 


It will be seen that, if given a certain draft to be 
produced, both stack height and diameter will be unknown, but 
if the first term on the right hand side of the equation is 
solved the minimum stack height will be obtained. Then the 
dimensions can be determined by trial with due consideration 
to stability of self-supporting stacks and to economy of 
construction. As a general rule, a guyed stack can be de- 
signed for maximum economy, a condition that is obtained 
when the product of the height and diameter is at the mini- 
mum. Self-supporting stacks must be designed to give maxi- 
mum economy within the range of stability, a condition which 
will be met when the ratio of diameter to height is between 
C.C3 and 0.C8 and the product of diameter and height is near- 
est to that for maximum economy. Figures XlII-10 and XIII-11 
show two common types of power plant stacks . knd Example 34 
shov/s the method of calculating stack dimensions. 
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Example 34. 

Determine the most economical dimensions for a brick 
stack to produce a draft of 0.6 inches of water for the 
boiler of Example 33. Barometric pressure is 30 inches of 
mercury and ambient temperature is 90 F. 

Solution : 


For a first approximation of the height, 


0.6 = 0.254(30) H ( 


1 

550 



^min " 

Then, by trial in the equation for stacks': 

TJ2 

0.6 = 0.00384 H - 0.0000226 — 

D, 


H 

160 

170 

180 

190 

200 


38.6 

12.3 

8.0 

6.3 

6.4 

HD, 

6180 

2090 

1448 

1192 

1070 

Df/H 

> 

0.241 

0.072 

0.045 

0 .033 

C.027 


It is apparent that the product HD^ is still decreasing 
at a stack height of 200 ft. From the standpoints of econ- 
omy and stability, the best choice would be the 6.3 ft dia- 
meter by 190 ft tall stack. 
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CHAPTER XIV 


SUPERVISORY AKD CONTROL EQUIPMENT 


100. Every power plant contains a great variety of in— 
struirents and equipment for indicating, recording and con-^ 
trolling the performance of the plant in many details. The 
various instruments and controls may be divided into class- 
ifications as to the variable, such as temperature, pressure 
speed, fluid level, combustion conditions, chemical charac- 
teristics and fluid flow. 

101. Temp er at u r e- -Tempe nature may be indicated by mer- 
cury thermometers, bourdon tube thermometers, thermocouples 
or electric resistance thermometers. In addition, all of 
these devices, except the mercury thermonie ter , may be made 
to control temperature by means of secondary devices such as 
valves or switches and may be made to record the temperature 
with relation to time. Figures XIV— 1 through XIV— 5 show 
some of the many temperature devices which are used ir power 
plants . 



102. Pr essure--Fressures may be indicated by manometers 
using various fluids, bourdon gages or diaphragm gages, de- 
pending upon the pressure range to be covered. The ranges 






Flf. XIV-4, Xltictrle- Flf. XI V - 5 • T h • r m o e o u p 1 • 

«i r^tlatanc* t^wp^ra- tamperature potantiottatara* 

tura 

of usefulness of these various types overlap somewhat^ but 
in general, manoaetjers are used for indicating pressures in 
the range frow 0.001 inch of water to ICO inches of mercury; 
diaphragm gages for indicating, recording or controlling 
pressures in the range from C.Ol Inch of water to 10 pounds 
per square inch; and bourdon gages for indicating, record- 
ing or controlling pressures in the range from one pound per 
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103. Speed--The most common speed controlling device is 
the centrifugal flyball resisted by a springy as shown in 
Figure XIV-11 . The racial motion of the flyballs may be 
transferred to a throttle valve for controlling the speed of 
a turbine or engine within predetermined limits. A change 

in speed is always necessary to actu- 
ate the controlling device, there- 
fore flyball governors have regula- 
tion characteristics as shown in Fig- 
ure XIV~12. Since turbo-generators 
or engine— generators are constant 
speed apparatus, it is necessary to 
provide a device for readjusting the^ 
flyballs to a new load position'u.. This 
device is arranged to adjust the gov- 
ernor spring tension or the throttle 
valve position, either locally or re- 
motely by manual or automatic means. 

The hydraulic governor is found 
on certain makes of steam turbines and 
consists essentially of an oil pump 
on the turbine shaft which produces a pressure which is pro- 
portional to speed in the same lelation as with a flyball 
device. The pressure produced by the pump is resisted by a 
spring which has a load adjustment as in the flyball type of 
governor. A governor of this type is shown in Figure XIV-13 . 

102 % 

101 % 

100 % 

99 % 

96 % 

I 


Gevirnor travtl 

rig. XI V . 12 . 

The direct acting flyball or hydraulic governors are 
satisfactory for small turbines or engines of not more than 
a few hundred kilowatts capacity, but in larger sizes the 
governing forces are not sufficient to operate the heavy 
valve gear. To overcome this difficulty, hydraulic relays 
of various kinds are used to amplify the governor forces. 
Figures XIV-14 and XIV-15 show two of these relay systems. 





( P o « • r ) 


Governor char«et*ri*tic«. 



Fig. XIV-13. Hyarwulic 
governor, direct acting. 


Fig. XIV*14. Flyball 
governor, relayed. 



(Power ) 

Fig. XIV-15. Hydraulic governor, relayed. 


104, Fluid Leve]--Fluid level instrumerts very frequent 
ly contain floats whose irotion is transnitted to irdicatirg, 
recording or controlling devices. The float type of instru- 


•Prtssun transformer 
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ment is applicable to any pressure or level range for which 
a suitable float system can be devised. Figures XIV-16 
through XIV-20 show several of the float type of fluid level 
instruments . 



< B ■ i I • y 
Meter Co.) 

Fig. XIV - 1 6. 
Boiler water 
level 
recorder. 



(Meeen-Nielen 
Reg . Co. ) 


Fig. XIV. 17. Float 
controlled feeder. 



(Strong, Carliele 
R Hamoend Co.) 


Fig. XI V . 1 ® . 
Open 

bucket trop. 



(Power ) 


Fig. XIV- 18 . 
Float controlled 
drainer* 


(Armatrong 

Machine 


Ve r k a ) 



, Fig. xiv-ao. 

Fluid level in boilers may be control- inverted 
led by float types of instruments, but it bucket trap, 

is much more usual to employ a thermostat- 
ic device or a thermohydraulic regulator. The first, shown 
in Figure XIV-21, utilizes a long inclined polished metal 
tube connected at the bottom end to the water space and at 
the top end to the steam space of the boiler. The tube is 
arranged with a bell crank and lever so that any change in 
length of the tube will be reflected as a change in water 
control valve position. As the water level in the boiler 
falls the tube lengthens, because the steam in the upper 
part of the tube has a higher temperature than the water in 
the lower part of the tube. This lengthening of the tube is 
employed to open the water control valve. A rise in water 
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level causes a 
reverse action. 

These regulators 
have a falling 
water level char- 
acteristic with 
relation to boil- 
er load, and the 
operating linrits 
may be too wide 
for modern steam 
generators which 
are extremely 
sensitive to 
w&ter level var- 
iations (with 
respect to steam 
quality). In 

t he se cases s Fig. xiv- 2 i. Th«rai6ftt«tic 

second element fe*d-w*t*r regulator, 

which contains a 

spring loaded diaphragm is connected to the regulator in such 
a way that the pressure drop across the superheater is used 
to modify the thermostatic tube characteristics to maintain 
the water level within closer limits over the load range. 

This modification is shov/n in Figure XIV— 22, and a hydraulic 
or air relay may be used to operate large valves. 



(Northern Equlpniont Co. ) 


Fig. XIV-22. Two-oloment 
thermo ototic 
feed-water regulator. 



Dii 
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The thermohydraulic boiler 
water level control employs an in-- 
dined tube similar to the thermo- 
static regulator except that it is 
surrounded by a jacket with heat 
radiating fins. The jacket is con- 
nected by tubing to a diaphragm type 
water control valve. The generator 
jacket, connecting tubing and dia- 
phragm chamber are completely fill- 
ed with water so that any decrease 
in water level in the boiler will 
result in an increase in pressure 
in the generator jacket and an open- 
ing action in the water control 
valve. This type of regulator is 
shown in Figure XIV-23. Its char- 
to those of the thermostatic type. 

A third element, sensitive to water flow, may be added 
to the two— element regulator to coordinate water flow with 
steam flov; and water level for smoother operation on rapid 
load changes, as shown in Figure XIV-24. 




Fit. XIV • 23. Thermo- 
hydraulic feed-aater 
regul ato r. 


acteristics are similar 


Fig. XIV-24. Th r a a - e 1 am e n t 
thermostatic fead-aater 
ragul ater. 


105. Combu st i on--Some of the roost valuable instruments 
in modern pov/er plants are automatic combustion controls 
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which relieve the fireman froir the necessity of manually 
controlling fuel and air flew, and which, incidentally, do a 
much better job than any human fireman could possibly do. 
Combustion controls are available for the smallest boiler 
as well as for the largest steam generator, and they will 
pay for themselves from fuel savings in a relatively short 
time . 

All combustion controls for boilers or steam generators 
operate to maintain a constant pressure at the turbine throt- 
tle by varying the fuel and air supplied to the furnace. In 
addition, some controls have an element which maintains a 
constant draft in the furnace. Figures XIV-25 through XIV~27 
show simple modulating or positioning electric controls for 
application to various fuels in small boilers. Large steam 
generators employ elaborate controls which meter fuel and 
air flows in exact relation to each other and to load . Some 
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of these control systems are shown in Figures XlV-28 through 
XIV~31. 



(L»edi a |ior«nrup; 


Fig. XIV-26. Modulatini g«> burner control. 

106. Cheirical Ch ar acte r i st i cs--Chemical characteristics 
of water in power plants are often controlled or supervised 
by electrical instruments. The chemical characteristics 
which are useful as control variables are pB and electrolytic 
conductivity. pH can be controlled in prec ipi tat ion water 
softening because the pH of the water is affected by the 
softening chemicals. Electrolytic conductivity is roost oft- 
en used as a variable for operating alarm devices for sig- 
nalling contamination of condensate by condenser leakage or 
faulty evaporator operation. Figures XIV--32 through XIV— 34 
show some of the instruments used for these purposes. 

107. Fluid Flow--The most common fluid flow measuring 
devices utilized in power plants are nozzles and orifices 
with various types of secondary elements for measuring and 
recording the pressure differential produced by the primary 
element in terms of flow units. Figures XIV— 35 through 
XlV-39 show some of the more common primary and secondary 
head type flow measuring devices. 






:omb<jst!On coi^trol system 














26H 


FUHOAMEHTALS OF POWER PLANT ENOIHEERING 


Some special flow an^asuring applications make use of 
fluid meters of the disc or vortex types, as shown in Fig- 
ures XIV-40 and XlV-41 . Rotameters, one of which is shown 
in Figure XIV-42, have a float which rises inside a tapered 
tube in proportion to the flow. 
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CHAPTER XV 


THE COMPLETE POWER PLAMT 


108. The design of a power plant, it has been seen, in- 
volves the integration of many pieces of equipment into a 
whole system which must meet exacting economic requirements 
as well as requirements for reliability and ease of oper- 
ation. The steps in the design of a power plant are essen- 
tially as follows: 

1. A study of present and future load requirements. 

2. A study to determine the best possible location 
for a new plant or for an extension to an exist- 
ing plant in a system. 

3. A study of cycle types and arrangements to reveal 
the most economical solution for the operating con- 
ditions . 

4. Selection of the major equipment to fit the cycle 
dec ided upon . 

5. Making a preliminary layout of the plant and ana- 
lyzing it from the standpoint of ease of operation 
and economy of floor space and building volume. 

6. Making a final layout of the plant and writing spec- 
ifications for the minor equipment. 

Some of these steps may be transposed, or several may 
be carried on simultaneously. It is always true that subse- 
quent discoveries may invalidate some of the conclusions 
drawn in earlier steps, thus requiring modifications. The 
final design should be the result of exhaustive analysis and 
detailed study from all standpoints. 

After the consulting engineers have completed the de- 
sign of the plant their function is limited to aiding in the 
analysis of bids for equipment and supervising the construc- 
tion and initial operation of the plant. In some cases, 
especially with municipal projects, they will aid in secur- 
ing the financing of the project. 

109# Details of Desi9n--The actual details of the de- 
sign of a pov/er plant are so voluminous that it is impossible 
to deal with even a small part of them in a text on funda- 
mentals. Probably the best way for a student to gain some 
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insight into the process of power plant design is to examine 
very carefully the design of actual plants, both in the 
field and from drawings, trying to determine the reason for 
each detail in the light of his knowledge of the fundament— 
a Is . 

In order to shov; some of the multitude of design de- 
tails, a portion of a set of power plant drawings is given 
in Figures XV-1 through XV-6, 

It will be seen, from an examination of the complete 
pov/er plant, that the mechanical equipment falls into sever- 
al major groups, corresponding somewhat to the chapter head- 
ings in this book, as follows: 

1. Prime movers. 

2. Condensers, feed-vjater heaters and evaporators. 

3. Steam generators and auxiliaries. 

4. Piping and duct-work. 

5. Water handling equipment. 

6. Fuel handling equipment. 

7. Draft equipment . 

8. Supervisory and control equipment. 

Another method of grouping the equipment would be as 
f ollows : 

1 . Prime movers « 

is. Lubricating oil system. 

b. Generator cooling system. 

c. Shaft gland sealing systemi . 

2 . Condensers . 

a. Condensate pumps. 

b. Circulating water pumps. 

. c . Vacuum pumps . 

3. Feed-water heaters and evaporators. 

a . Drip pumps . 

b. Evaporator feed pumps. 

4. Boiler feed system. 

a - Boi ler feed pumps . 
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b. purge tanks and pumps. 

c. Feed-water regulators. 

5. Steam generator. 

a. Boiler and furnace. 

b. Superheater. 

c . Ec onomizer . 

d . Air heater . 

e. Fans and stack. 

6. Fuel system. 

a. Fuel oil pumps or coal conveyors. 

b. Fuel oil heaters or coal pulverizers. 

c . Bur ners . 

d . Ash d is posal . 

7. Piping and duct-work. 

a. Circulating water system. 

b. Condensate system. 

c. Boiler feed system. 

d . Steam sys tem . , 

e. Service and fire protect i-on water system. 

f. Lubricating oil system. 

g. Fuel oil^ fuel gas or coal system. 

h Air ducts . 

i . Gas ducts . 

j. Compressed air system. 

8. Water supply. 

a. Condenser cooling system, 

b. Boiler feed makeup. 

c. Service and fire protection water . 

9. Fuel supply. 

a. Unloading facilities. 

b. Storage facilities. 

110. Power Plant Buildings — In past years the aim of 
power plant architecture was to give the impression of power 
and stability. This aim resulted in buildings that were 
much too expensive for their priir-ary purpose of sheltering 
the power generating equipment. The last ten years has prov- 
en the ascendency of functional power plant architecture in 
the acceptance of the semi— outdoor and outdoor plant. 

In the semi-outdoor plant more or less of the steam 
generating equipment is left exposed to the weather (with 
weatherproof casings) and the turbine equipment and boiler 
operating stations are completely sheltered. The outdoor 
power plant is just what the name implies, except that a 
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shelter is provided for the boiler and turbine operating 
stations . 

At present, with few exceptions, in plants which are 
designed for complete shelter, as well as for semi— outdoor 
installations, the buildings are made as inexpensively as 
possible in order to reduce the capital outlay to the mini- 
muir. Probably the cheapest type of power plant building 
construction (but not unattractive with proper treatment) 
makes use of corrugated asbestos-cement sheeting fastened to 
a structural steel frame. This construction is fire resis- 
tant and weatherproof, and has the additional advantage of 
being easily modified for expansion in any direction. 

Figures XV-? through XV-15 shov/ sone views of power 
plants of the various types of construe ti cn . 
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(FjilrfflOnt Coal Bureau) 

Fig. XV*15. Encloa**^ plant, interior. 
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PROJECT IV 


1. Specify the head, capacity and motor size for the 
following pumps (assume ordinary entrances and exits): 

(a) Circulating water! No static lift. 

(b ) Condensate: Static lift 40 feet. 

(c ) Boiler feed: Static lift 20 feet. 

2. The analysis of the raw water for makeup is: Cal- 
cium bicarbonate, 150 ppm; magnesium bicarbonate, 85 ppm; 
calcium sulphate, 60 ppm; magnesium chloride, 30 ppm; sodium 
chloride, 60 ppm. How much 90 o/o hydrated lime, 95 o/c 
soda ash and 96 o/o filter alum (using 8 ppm) would be re- 
quired per thousand gallons of water to soften the water fcy 
the cold process,, leaving a residual hardness of 50 ppm as 
calcium carbonate? 

3. Estimate the draft and pressure losses in the air 
and flue gas circuits of the steam generator, and specify 
the capacity, pressure and motor size for the following, fans* 

(a) Forced draft: Backward curved blades. 

(b ) Induced draft: Forward curved blades. 

4. Calculate the dimensions of the most economical 
brick stack to produce a draft of 0.5 inches of water . Am- 
bient temperature 90 F and barometer 29.5 inches of mercury. 

5. Make a preliminary plant layout drawing. 

Note: The preceeding calculations apply to the power plant 

of Projects I, II and III. 
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111. In the intelligently operated power plant or pov;er 
system the efforts of all operating and supervisory person- 
nel are bent tov/ard the production of power at the least 
possible cost. To a large extent the economy of operation 
is affected by the manner of division of load between units 
in a plant and plants in a system. It is the purpose of 
this chapter to discuss briefly the theory of the increment- 
al rate method of load division and to show some of its app- 
lications . 

112. The Incrementel Rate Theory--The theory of incre- 
mental rates postulates that each succeeding block of load 
should be thrown on the plant or machine which exhibits the 
lowest incremental rate (slope of the input-output curve), 
regardless of the absolute efficiency of the machine or 
plant. This theory contradicts the widely held opinion that 
the most efficient plant or machine should be loaded fully 
and the less efficient plants or machines used to supply the 
balance of the demand , According to the incremental rate 
theory, this opinion is true only in the special case in 
which the incremental rate of the most efficient plant or 
machine is always less than that of the less efficient plant 
or machines , The theory can be substantiated by a very 
simple demonstration, as follows t 

Figure XVI- (a) represents the input-output curves of 
two machines, A and B. For simplicity these curves are made 
parabolic so that equations for them can be d if fers nt iated 
algebraically to obtain the equations of the increm^ental 
rate curves. It is not necessary to the theory, hov/ever, 
that the curves be capable of being expressed in the form of 
simple equations because any curve can be differentiated by 
graphical or tabular methods. The input-output curves A and 
B can be expressed as: 


la '= 17 + 0„ + 0.1 0* 
= 6 + 0^ + O.lf 0*^ 


where: I and 0 = input and output in 
any desired units 
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The incremental rates for A and B are plotted in Figure 
XVI-1 (b), and can be expressed as*: 




1 + 0.2 0 ^ 
a 

1 + 0.3 0^ 



(a) Input— output curves 


Examination of the 
curves of Figure XVI-1 will 
reveal that while machine B 
has a greater absolute eff- 
iciency than machine A at 
any load, the incremental 
rate is also greater at any 
load above zero lead. This 
indicates that additional 



(b) Incremental rate- 
output curves 


n*. XVI-l, Machine operating c h a r a c t c r i a t I c a . 


blocks of load, according to the theory, will be handled at 
greater efficiency by machire A than by machine B. 

113. Division of Load--A correlary to the requirement 
that succeeding blocks of load be supplied by plants or mach- 
ines with the lowest incremental rate is that, for maxinum 
overall efficiency, all plants or machines must be loaded to 
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the point at which the increnrental rates are equal . This 
correlary can be substantiated by a simple demonstration^ 
using the data for the machines of Figure XVI-1, as follows: 

Suppose it is desired to produce a total output of 14 
with machine A and machine B running together . Without re*“ 
gard to efficiency, it would be possible to obtain this out** 
put with an infinite number of combinations between 1C on 
one machine and 4 on the other. However, examination of the 
following table will show that one combination alone will 
produce an output of 14 with a minimum input. By interpola- 
tion the minimum total input is found to be at an output of 


Ou t p u t 


Input 


A 

B 

A 

B 

Total 

10 

4 

37.0 

12.4 

49.4 

d 

6 

34.1 

14.8 

48.9 

8 

6 

31.4 

17.4 

48.8 

7 

7 

28.9 

20.4 

49.3 

6 

e 

26.6 

23.6 

50.2 

5 

9 

24.5 

27.1 

61 .6 

4 

10 

22.6 

31 .0 

53 .6 


6.8 from machine B and 8.2 from machine A. Examination of 
Figure XVI— 1 (b ) will show that the incremental rates for 
both machines are 2.64. 

I m. Loading Schedu I e s-- It is now possible to demon- 
strate the derivation of loading curves or schedules for 
maximum economy. The trend of loading of machines A and B 
of the previous discussion is such as to bring machine A to 
its maximum load first, and the load on machine B at which 
this occurs can be shown graphically by combination of the 
incremental rate curves of Figure XVI— 1 (b ) , as shown in 
Figure XVI-2 . Beyond this point machine B will supply the 
additional load to full plant capacity. 

115. Applications of the Incremental Rate Method--The 

term "machine” has been used rather loosely in the previous 
discussions to indicate that the incremental rate theory is 
applicable to any piece of apparatus or collection of appa- 
ratus for which input-output curves can be drawn. 

Input— output curves for turbines may have shapes simi- 
lar to those shown in the previous discussions, or they* may 
be of a variety of other shapes and slopes depending upon 
the valve arrangement, variation of efficiency with load and 
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Fit* XVI-a. Plant laadlng curva, 

the auxiliary power requiremerts . However, no ir-atter what 
the shape, the basic theory is applicable to de teririnat ion 
of the best load division. 

The preceedirg reirarks apply equally well to steam gen- 
erators . Input-output curves can be derived froir steam gen- 
erator efficiency data and the increirertal rate curves de- 
rived in turn from the input-output curves. 

For the purposes of the system load dispatcher, the 
plant loading curves can be integrated to give plant input- 
output curves. These curves will be of use ir deciding upon 
the system loading schedule. The plant loading curve of 
Figure XVI-2 was based upon the operation of two machines at 
all times, however, due to the better absolute efficiency of 
machine B, best econony would dictate the use of machine B 
alone up to a plant load of 1C. At this lead machine A 
would be brought on the line and the load divided between 
the two machines . Figure XVI-3 shov/s the plant loading 
curve replctted on this basis. This curve can be integrated 
in three parts: fron zero to 10; fron 1C to 16,7; and froB 
16,7 to 20. The equations are: 
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Output 


Fig. XV1.4. Plant input-output curve. 
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I 16. The Diesel engine is at the present time the most 
efficient machine (with the exception of the mercury-s team 
binary vapor cycle) available for the conversion of the en- 
ergy in fuel to a useful form. It is most unfortunate that 
the engines are limited in size to about 7000 horsep07/er. 

As mentioned in Chapter I, pov/er plants with capacities up 
to about 7500 kw capacity may well contain Diesel engines^ 
but above this capacity the steam turbine is supreme. 

The Diesel engine takes its name from its inventor^ 
Pudolph Diesel, who patented an engine in 1892 which was 
supposed to operate on the Carnot cycle. However, practical 
difficulties and development over the years has led to the 
modern Diesel engine which may be made to operate on the 
two-stroke or the four-stroke system. By far the greater 
number of modern Diesel engines operate on the two-stroke 
system because of the greater simplicity of the engine. 

117. Twp-Stroke Diesel Cycle--The two-stroke Diesel 
cycle, as the name implies, requires two strokes of the pis- 
ton to complete a cycle. Referring to Figure XVII-1, it can 
be seen that with the piston at the bottom of the cylinder 



2-STROKi CYCU-ONE POWER STROKE TO EACH FUU REVOLUTION 


( P 0 W • r ) 

rif XVII- 1 . T«0-0tr6k« Di0t#l eyel0. 

scavenging air is blown in at one side of the cylinder and 
cut at the other side, purging the cylinder of exhaust gases 
and charging it with fresh air. As the piston moves upward 
the scavenging and exhaust ports close and the air is com>- 
pressed . When the piston reaches the top of its travel the 
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air temperature has risen to about 800 F, which is sufficient 
to cause ignition of the charge of fuel which is sprayed in- 
to the cylinder through an injector. The combustion of the 
fuel causes a further increase in temperature and the piston 
moves downward doing work. Sometimes the mechanical details 
are changed to employ a poppet valve in the cylinder head 
for the admission of scavenging air or for exhaust. Figure 
XVII-2 shows a fuel injector and Figures XVII-3 through 
XVII-6 show several two-stroke engines. 

118. Four-Stroke Diesel Cycle--In this cycle^ referring 
to Figure XVII-6^ the first downward stroke of the piston is 
used for drawing in a charge of air through a poppet valve 
in the cylinder 
head . In the up- 
ward stroke the 
air charge is com- 
pressed . At the 
end of the com- 
pression stroke 
the fuel is spray- I 

ed into the cyl- 
inder through an 
injector and the 
piaton moves down- 
ward on the power 
stroke . At the 
end of this stroke 
the exhaust valve 
in the cylinder 
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I 19t The Ideal Diesel Cycle--The ideal Piesel cycle, 
shown in Figure XVII-IC, consists of a constant pressure 
addition of heat froir A to B; an adiabatic expansion from B 
to C; a constant volume rejection of heat from C to D*, and 
an adiabatic compression from T to A. The efficiency of the 


DIESEL-ELECTRIC POWER PLANTS 289 

head opens and on the upward stroke the exhaust gases are 
discharged from the cylinder. It would appear that the two- 
stroke engine would produce twice as much power for the same 
engine dimensions and speed as the four— stroke engine, but 
this is not true because the four— stroke engine has a much 
greater volumetric efficiency as an air compressor. Actual- 
ly, the power produced per cylinder is almost the same, but 
the two-stroke cycle engine is preferred because of its 
greater simplicity. Figures XVII-7 through XVII-9 show sev- 
eral four-stroke cycle engines. 


(National Supply Co.) ( I n t a r a o 1 1 • R a n d Co.) 

Flf XVII-7. Modiuin opaod Fig. XVII-8. II a d I u » gpood 

four-otroka angina. four-atroka angina. 
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air charge. The departure of n from the adiabatic value is 
due to the necessity of providing the cylinders with water 
jackets to prevent overheating. 

120. Super ch arg i ng--The power output of Diesel engires 
can be increased by providing means for forcing more air in- 
to the cylinders, which in turn makes it possible to burn 
more fuel. The process involves increasing the initial air 
pressure, and the term applied is ^supercharging , Several 
systems of supercharging are used, as follows*. 

1. Positive displacement blowers or compressors. 

a. Direct connected. 

b , Motor driven . 

2. Centrifugal or axial compressors. 

a. Exhaust gas turbine driven. 

b. Direct connected. 

c . Motor dr iven . 

The advantage of the supercharger lies in its ability 
to cause an increase in power of the engine which is greater 
than the power required to drive the supercharger . As a 
matter of fact, supercharging is necessary for any Diesel 
engine when it is operated at considerable distances above 
sea level because of the decrease in atmospheric pressure 
which results in lower peak cylinder pressures. The de- 
crease in power of an unsupercharged engine with increasing 
altitude is such as to cause the engine to have only 70 per 
cent of its sea level power at 8000 feet and 60 per cent at 
14000 feet. Figures XVIl-11 through XVIl-13 show several 
types of supercharger and scavenging blower. 

121. Diesel Engine Eff- 

i c I enc i e 5 --The thermal eff- 
iciency of most Diesel en- 
gines will be about 30 per 
cent, and the heat balance 
will be about as follows: 

Shaft output 30 o/o 

Cooling water 30 o/ o 

Exhaust gas 30 o/o 

Friction, radiation 

compressor 10 o/ o 

A not inconsiderable 
item in the operation of a 
Diesel engine is the lubri- 
1 Titlbri — 



( P • • • r ) 

Flf. XVIl-lI. Positive 
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(Power ) 

Fit. XVI I - 1 2. 
Rwcip rocot ing 
•cavenging pump. 


122. Diesel 
Engine Au x i I i ar- 
ies--The auxili- 
aries for a Diesel 
engine installa- 
tion iray be placed 
in several class- 
ifications, as 
follows : 


eating oil will be consumed 
because at each combustion 
the lubricating oil film 
burns from the cylinder 
wall. Figure XVII-14 shows 
some data on fuel and lub- 
ricating oil economy for 
Diesel-electric plants . 

Power output is di- 
rectly proportional to 
speed, so that high speed 
engines will be more eco- 
nomical of space for a giv- 
en output than will low 
speed engires. However, 
high speed engines (6C0 to 
1200 rpm) have shorter 
lives and require higher 
grade fuel oils (number 2 
or 3), so that a careful 
economic analysis with re- 
spect to expected life and 
coat must be made before 
deciding upon the particular 
type of engine for any given 
in s 1 8 Hat i on . 



(Ell let 


XVII-13. E*h«u«t E«» turbine 
driven centrifugal blower. 


Fig. 
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Flf. XVII-14. Diesel engine fuel 
sn<) lubrie«ting oil economy. 

1. Fuel oil system. 

2. Lubricating oil system. 

3. Cooling water system. 

4. Air intake system. 

5. Exhaust system. 

6. Starting air system. 


Figure XVII— 15 shows the arrangement of the various 
systems in relation to an engine. The systems can be de- 
signed in accordance with the fundamentals of fluid flow 
presented elsewhere in this book, but especial attention 
vrill have to be given to the air intake and exhaust systems 
in order to avoid conditions which would lead to resonance 
in the ducts . 
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123. Hydro-electric power plants can be classified in 
two ways, as follows: 

1 . Water impoundment volume . 

a. Storage plants. 

b . Run— of— river plants . 

2. Head on turbines. 

a. High head (over 500 feet). 

b. Medium head (50 to 500 feet). 

c. Low head (under 50 feet). 

The impoundment volume will affect the amount of power 
available at any particular time, that is, the storagB plant 
will be able to supply a swinging load with little or no 
water loss, while the run^of^river plant operates best on 
base load status (the base load, of course, varying with 
seasonal stream flow). The head available will affect the 
choice of type of prime mover. High head plant's character- 
istically use small water volumes and high rotational speeds 
with impulse types of turbines, while medium and Ion head 
plant's use larger water volumes and lower rotational speeds 
with reaction type machines. Any of the types are available 
in sizes from 75C to 75,000 kilowatts capacity. 

124. Impoundment Methods--Any hydro-electric plant will 
require a dam which may be high or lov; depending upon the 
topography of the dam site and the surrounding water-shed. 
Each case is unique and requires its own solution. 

High dams (over 100 feet) may be of the arch type or of 
the gravity type. The arch dam depends upon the shape of the 
dam to transfer the water load to the enclosing rock walls 
which serve as abutments. Hoover Dam on the Colorado River 
is of this type. The gravity dam depends upon the mass of 
the dam itself to resist the water load and the enclosing 
rock walls merely serve to confine the water laterally. 

Grand Coulee Dam on the Columbia River is of the gravity 
type. The TVA system contains both types of dams. 

Lou dams (under 100 feet) are usually of the gravity 
type and may be of masonry construction, as with high dams, 
or they may be of earth fill with cores of rock, clay or 
c oncre te . 
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Figure XVIll— 1 shov/s a corcrete arch dan. 



12b. Water Storage--The run— of— river plant requires 
little or no inpoundirent voluine and the essential informa- 
tion for estimating the pov/er capabilities of the site can 
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be obtaired from a river flov/ duration curve. The flov/ dur- 
ation curve can be constructed fron a hydrography which is 
similar to an electrical load curve. Figure XVIlI-2 shows a 
river hydrography and Figure XVIII--3 shows the flow duration 
curve derived from it. The ir.ir imum pov/er available and the 
yearly power output can be estimated from these curves. 



Fig. XVIII-2. River hyHrogreph. 



Fig. XVIII. 3. River flow duration curve. 


The storage plart makes use of a river mass flov; curve 
in whicli cumulative water-shed runoff is plotted versus time 
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during the year. Such a curve, derived from Figure XV'I1I~2, 
is shov/n in Figure XVIII-4. Using this curve it is possible 
to estimate the maximuir possible sustained flow to base load 
turbines by calculating the slope of the line drawn tangent 
to two similar yearly peaks (A and B in Figure XTIII— 4). 
Wherever the slope of the mass flow curve is less than that 
of the tangent, the reservoir level will be decreasing, and 
vice versa. The total impoundment volume should be suffic- 
ient to maintain a minimum head on the turbines when the 
reservoir level is at its lowest, which would be at point C. 



126. Hydraulic Tur b i nes--The hydraulic impulse turbine 
is similar to the steam impulse turbine in that all of the 
pressure drop takes place in the nozzles. If it is assumed 
that the initial velocity is zero, the jet velocity is 
(assuming a perfect nozzle): 

V = /STiT = /2g(p, - Pj)v 

where*. V = jet velocity, ft/sec 

H = head at jet inlet, ft of water 
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Fi and = jet inlet and outlet 
pressures, Ibs/sq ft 
V = specific volume of water, cu ft/lb 

The power in the jet is*: 


M H _ M:(Pi - P,')v 
=-66C 550 

where; M = water flow, Ibs/sec 

but due to the fact that it is not possible to slow the jet 
down to zero velocity, and due to mechanical friction, the 
shaft horsepower will only amount to about 85 to 90 per cent 
of the jet horsepower. The impulse turbine is for very high 
head developments (over 900 feet) and operates at speeds be- 
tween 300 and 400 rpm. Figure XVIIl-? shows an impulse tur- 
bine runner of the ‘Felton type with its needle nozzles. Two 
of the runners are overhung on one generator and the nozzles 
are so arranged that one per runner is the power nozzle and 
identical nozzles are used for surge relief. That is, as 
the power nozzle closes on a load decrease the relief nozzle 
opens an equal amount and then automatically closes slowly 
to prevent surges in the penstock (which is the name given 
to the pipe which delivers water to the nozzles from the 
reservoir. As an extra safety measure, the penstocks are 
equipped with surge tanks near the turbines. 

For heads between 66 and 900 feet the Francis type of 
reaction turbine is used . The wheel, or runner, has curved 
blades which receive water through control gates fron a 
volute chairber and discharge the water vertically downward. 
The action is very similar to that in a reaction steam tur- 
bine, some pressure drop taking place in the control gates 
giving some impulse effect, while the remainder of the pres- 
sure drop takes place in the runner. The water horsepower 
is the saire as the jet horsepower for the impulse turbine, 
but the efficiency is higher, usually between 90 and 95 per 
cent. Figure XVII1--5 shows a Francis type turbine with an 
umbrella generator. These machines operate at speeds be- 
tween 100 and 300 rpm . 

For heads less than 65 feet the axial flow propeller 
type of reaction turbine is used. The runner may be of the 
Nagler type with fixed pitch blades or of the Kaplan type 
with adjustable pitch blades. The Kaplan runner is very 
well suited to run— of— river plants because the power output 
and efficiency can be miaintaired under reduced head condi— 
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(b) Runner 

(Allia.Chaliii»r« Mfg. Co.) 


tions . Water is supplied 
to the propeller through 
control gates in a manner 
similar to that used with 
the Francis runner . Eff- 
iciencies vary between 85 
and 90 per cent and 
speeds between 60 and ICO 
rpm. Figure XVIII-6 
shov;s a typical Nagler 
turbine connected to an 
umbrella type generator. 
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CHAPTER XIX 


GAS TURBINE POWER PLANTS 


127. In the last war the development of the gas turbine 
was given great impetus and at the present time several manu- 
facturers are offering 5000 kilowatt units for use with heavy 
fuel oil or natural gas . Research is being conducted on 
pulverized coal burning units but difficulty is being exper- 
ienced with flyash erosion in the turbines. 


128. Gas Turbine Cycles--The simplest gas turbine cycle 
corresponds to the open Rankire vapor cycle, as shown in 
Figure XIX-1. Referring to the figure, air at atmiospheric 
pressure and temperature is drawn in by the com*pressor, com- 
pressed and led to the combustion chamber where fuel is 
burned at constant pressure. The resulting high temperature 
combustion gases then expand to atmospheric pressure through 
a turbine and the unavailable energy is rejected to the at- 
mosphere. Part 
of the turbine 
work is used to 
drive the con'— 
pressor and the 
remainder is 
available for d o— 
i ng useful work . 

Due to the fact 
that present tur- 
bine blading mat- 
erials will with- 
stand tempera- 
tures of only 
about 1200 F for 
long periods, 
secondary air in 
sufficient quan- 
tity to cool the 



Fig. XIX'l. Siirpl* open !■« turbine cycle 


combustion gases 

to a safe temperature must be supplied . The total air sup- 
plied amounts to between ICC and 160 pounds per pound of 
fuel oil. This large amount of excess air results in lower- 
ed cycle efficiency due to the increase in compressor power, 
but overall thermal efficiencies of 18 to 20 per cent are 
obtainable. An enthalpy-entropy diagram for the simple open 
cycle is shown in Figure XIX— 2. 


The simple open cycle may have a regenerator added to 
improve efficiency where the air tem.perature leaving the 
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XlX-2. Simple open gas turbine cycle. 



3. Open gas turbin* 
with regenerator. 


corrpressor is less tha 
the turbire exhaust te 
erature . Such an arr- 
ange D'ent is shown in F 
ure XlX-3. 

Other c oiT'b ir a t ion 
with regeneration^ mul 
iple stage corrpression 
with inter cooling and 
heating will have high 
efficiencies. Two of 
various types of these 
more coni pi ex cycles ar 
shown in Figures XIX-4 
and XlX-5. 
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A closed gas 
turbine cycle has 
been proposed which 
makes use of a heat 
exchanger in the 
combustion chamber 
to make it possible 
to separate the 
combustion gases 
from the working 
fluid which can be 
made to operate at 
higher pressures 
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cycle contains a precooler in which the unavailable energy 
is rejected. The efficiency of the closed cycle is slightly 
less than that of an equivalent open cycle, but the smaller 
size for the same output may overbalance the smaller effic- 
iency . 

I29t Gas Turbine P]ents--Up to the present time the 
principal application of the gas turbine in industry has been 
in the Houdry process of gasoline production where large 
quantities of compressed air are required. In these machines 
the excess turbine power is used to drive an oversized com- 
pressor and the extra air which is not needed for combustion 
goes to the process. 

In the last few years several commercial gas turbo-gen- 
erator installations with capacities up to 5000 kilowatts 
have been made. One of them is shown in Figure XIX-7 . This 
particular machire is similar, except for the generator, to 
the units developed for use in locomotives. 



Flf. XIX-7. Locornetiv* type 
g«s turbo-generetor. 
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table XV ii 

continued 


Cast Steel Flanged Fittings 

Dimensions, in Inches 



Radius Elbow 45* Elbow 90“ Base Elbow 



45“ Lateral 



Taper 

Reducer 


Class 

Size 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

150 

Pound 

1 

3V4 


1V4 

i 

'1^' 

:w" 





IV4 

33/4 


2 

- 


r 





-iii. 

4 

$ 

^14 

^ / -J 

, JWu. 






2 

4V2 


2^ 

8 

2^2 



H 

WZ 

4%" 

n 


2V2 

5 

7 

3 

91/4 

21/2 

12 



1: 

4H 

ri 

1 

3 

5>A 

7y4 

3 

10 

3 

13 

6 

3 


s 

Ml 

.JiLj 

4 



T^T 

* 

w 

m 



1 

Ll 

1 

4 


9 

4 

12 

3 

15 

7 

51/4 

6 

hi 

5 

7V2 

101/4 

4IA 

13*4 

3V2 

17 

8 

6*4 

7 

'Vis 

6 

8 

ii'A 

5 

I4IA 

31/2 

18 

9 

7 

7 

IV 

ii 

is 

8 

9 

14 

51/2 

171/2 

41/2 

22 

11 

8% 

9 

15/ 

10 

11 

I6V2 

61^ 


L 

« 


12 

93/4 

9 

i3As 

12 

12 

19 

71/2 


L 



14 

111/4 

11 

1 

14 

14 

HXT 


27 

i 

i3 

16 

"iiir 

TT" 

■nn 

16 

15 

24 



^yt 


18 

•w 

nrr" 

nr 

18 

161/2 

[m; 


32 


39 

19 


TiS 

r 

rn 

1 

20 

18 

29 

m 



43 

20 

24 

T3!3 

E 

Br 

24 

22 

34 

It 


9 


24 


T3iS^ 

1 

Br 

300 

Pound 

■□IB 

sm 

i 

i^; 

Km 

boh 

K]« 

mim 



bmm 

mm 

i^i' 


L.-.2V*. .. 

■.m 

jEgi 

i *%_. 

wsm 






4 

23/4 

81/2 


11 

Wm 





!^! 

"Sir* 

3 

9 


mgi 

boh 


Km 

~w: 

2V2 


7 

31/4 

101/4 


■O 

H^ 


mm 


IBM’ 

HQHI 

73/4 

31/1 

11 

HOH 

HB3I 

HQH 

b^bm 

Km 



i 


BOR 


Bmpi 

U!«l. 



Km 


4 

7 

IKIH 

WSSM 

■Em 

□in 

16V4 

7 

rrn 

rsHi 

y* 

5 

8 


s 1 

■ai 

wsm 


HUM 

Km 

wsm 

1 

6 





\ 4 


BOB 

■m 

Km 

1 

8 





1 5 

1 251/2 

MOH 

KH 

10 

11/4 

11/4 

10 

111/2 



IBDil 

■m 

■Ml 

gfg 


10 

12 

13 

Btthil 

nii 


nii 

■Em 

M?g 


wssm 
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TABLE XVII 
continued 


Cast Steel Flanged Fittings 

Dimensions, in Inches (Cont.) 


ClawlSixel A 1 C | D I E | F | G Claw 1 Size | A | C [ D | E | F | G 


IKaBSEII 
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TABLE XVII 
continued 

Forged Steel Flanges 

Dimensions, in Inches 



Screwed Flange 
150 and 300-Pound 


Shp-On Welding Range 
150 and 300-Pound 
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TABLE XVII 
Xi on tinned 


Forged Steel Flanges 

Dimensions, in Inches (Cont.) 


Bolts I 
No.|Dia.| 
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TABLE XVII 
coptirjued 

Steel Butt -Welding Fittings 

Dimensions, in Inches 

Standard and lS*tra Strong Fittingm have the »ame outmide dinteneionm. 




Cap 90" Elbow with 

long tangent 



I- R 

Return Bend 
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TABLE XXIV 


FORMULAS AND MOLECULAR AND EQUIVALENT WEIGHTS OF 
SUBSTANCES FREQUENTLY APPEARING IN THE CHEMISTRY 
OF WATER CONDITIONING 


Substance 

Formula 

eight oj 
Molecule or 
Radical 

Eq. Ud. 

Aluminum 

A1 

27.0 

9.00 

Aluminum chloride (crystal) 

AlCla 

133.0 

44.33 

Aluminum chloride (anhydrous) 

AICI 3 6 H 2 O 

241.0 

80.33 

Aluminum sulphate (crystal) 

Al2(S04)3 I 8 H 2 O 

666.4 

1]1.06 

Aluminum sulphate (anhydrous) 

Al2(S04)3 

342.1 

,57.01 

Ammonia 

NH 3 

17.0 

17 00 

Ammonium alum 

Al 2 (S 04 ) 3 (NH 4 ) 2 S 04 • 24 H 2 O 

906.6 

151.10 

Potassium alum 

Al 2 (S 04 ) 3 K 2 S 04 • 24 H 2 O 

948 8 

158.13 

Aluminum hydrate 

AI(OH)s 

78.0 

26.00 

Ammonium chloride 

NH 4 CI 

53.5 

53.50 

Ammonium (ion) 

NH 4 

18.0 

18.00 

Ammonia water 

NH 40 H 

35.1 

35.10 

*AIumina 

AhOs 

102.0 

17.00 

Sodium aluminate 

Na2Al204 

164.0 

27.33 

Ammonium sulphate 

(NH4)2S04 

132.0 

66.00 

Barium 

Ba 

137.4 

68.70 

Barium carbonate 

BaCOs 

197.4 

98.70 

Barium chloride 

BaCl 2 * 2 H 20 

244.3 

122.15 

Barium sulphate 

BaS 04 

233.4 

116.70 

Barium hydrate 

Ba(OH )2 

171.0 

85..50 

Barium oxide 

BaO 

153.0 

76.50 

Calcium 

Ca 

40.1 

20.05 

Calcium bicarbonate 

Ca(HC03)2 

162.1 

81.05 

Calcium carbonate 

CaCO» 

100.1 

50.05 

Calcium chloride 

CaCh 

111.0 

.55.50 

Calcium hydrate (pure) 

Ca(OH), 

74.1 

37.05 

Calcium hydrate (90%) 

Ca(OH )2 


41.10 

Calcium oxide (pure) 

CaO 

.56.1 

28.05 

Calcium oxide (90%) 

CaO 


31.17 

Calcium sulphate (anhydrous) 

CaS04 

136.2 

68.08 

Calcium sulphate (gypsum) 

CaS04 • 2 H 2 O 

172.2 

861.0 

Calcium nitrate 

Ca(NO,), 

164.1 

82.05 

Calcium phosphate 

Ca3(P04)2 

310.3 

51.71 

Carbon 

C 

12.0 

3.00 

Chloride (gas) 

Cl* 

70.9 

35.45 


Courtesy of the Cochrane Corp. 
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TABLE XXIV 
continued 


Substance 

Formula 

Weight of 
Molecule or 
Radical 

Fq. Wt 

Copper 

Cu 

63.6 

31.80 

Copper sulphate 

CuS04 

160.0 

80.00 

Iron (ferric) 

Fe'" 

55.8 

18.60 

Iron (ferrous) 

Fe" 

55 8 

27.90 

*Ferric oxide 

Fe^Oa 

159.6 

26 60 

*Iron oxide and alumina 

R 2 O 3 

109.0 

18.20 

Ferrous sulphate (copperas) 

FeS04 7H2O 

278.0 

139 00 

Ferric chloride 

FeCl, 

162.0 

54.00 

Ferric hydrate 

Fe(OH)3 

107 0 

35 66 

Ferric sulphate 

Fe2(S04)3 

400.0 

66.66 

Ferrous carbonate 

FeCOs 

116.0 

58.00 

Ferrous hydrate 

Fe(OH)2 

89.9 

44.95 

Ferrous oxide 

FeO 

71.8 

35.90 

Fluorine (gas) 

F2 

19 0 

19.00 

Hydrogen (gas) 

H2 

2.02 

1.01 

Hydrogen sulphide (gasl 

H2S 

34.1 


Lead 

Pb 

207.0 

103.50 

lyiagnesium 

Mg 

24 3 

12.15 

Magnesium oxide 

MgO 

40.3 

20.15 

Magnesium bicarbonate 

Mg(HC03)2 

146 3 

73.15 

Magnesium carbonate 

MgCOa 

84.3 

42.15 

Magnesium chloride 

MgCL 

95.2 

47.60 

Magnesium hydrate 

Mg(OH)2 

58.3 

29.15 

Magnesium nitrate 

Mg(N03)2 

148.3 

74.15 

Magnesium phosphate 

Mg3(P04)2 

263.0 

43.83 

Magnesium sulphate 

MgS04 

120.4 

60.20 

Nitrogen (gas) 

N2 

28.0 


Oxygen (gas) 

02 

32.0 

8.00 

Potassium 

K 

39.1 

39.10 

Potassium carbonate 

K2C03 

138.0 

69.00 

Potassium chloride 

KCl 

74 6 

74.60 

Potassium hydrate 

KOH 

56.1 

56.10 

Potassium iodide 

KI 

166.0 

166.00 

Potassium nitrate 

KNO3 

101.0 

101.00 

Potassium oxide 

K2O 

94.2 

47.10 

Potassium permanganate 

KMnO« 

158.0 

158.00 

Potassium sulphate 

K2SO4 

174.0 

87.00 

Silicon 

Si 

28.1 

7.03 

Silver 

Ag 

108.0 

108.00 

Silver chloride 

AgCl 

143.3 

143.30 

Silver nitrate 

AgNO, 

169.9 

169.90 

Silica 

SiO, 

60.1 

30.05 

Sodium 

Na 

23.0 

23.00 

Sodium bicarbonate 

NaHCO, 

84.0 

84.00 
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TABLE XXIV 
continued 


Substance 

Sodium carbonate 
Sodium chloride 
Sodium hydrate 
Sodium nitrate 
Sodium oxide 

Sodium sulphite 
Sulphur dioxide (gas) 

Tnsodium phosphate 
Trisodium phosphate (anhydrous) 
Disodium phosphate 

Disodium phosphate (anhydrous) 
Monosodium phosphate 
Monosodium phosphate (anhydrous) 
Metaphosphate (Hagan) 

Sodium sulphate 

Water 


Bicarbonate 
Carbonate 
Carbon dioxide 
Chloride 

Nitrate 

Hydrate 

Phosphate 

Phosphorous oxide 

Sulphate 

Sulphite 


Hydrogen 
Acetic acid 
Carbonic acid 
Hydrochloric acid 
Phosphoric acid 

Sulphuric acid 
Nitric acid 
Sulpurous acid 


Formula 

Weight of 
Molecule or 
Radical 

Eq. Wt. 

Na,CO, 

106.0 

53.00 

NaCl 

58.5 

58.50 

NaOH 

40.0 

40.00 

NaNOj 

85.0 

85.00 

NajO 

62.0 

31.00 

NajSOj 

126.0 

63.00 

SO, 

64.1 

32.05 

Na,P 04 • 12H,0 (18.7% P,0,) 

380.2 

126.73 

Na,PO. (43.3% P,Oj) 

164.0 

54.66 

NajHPO. • 12H,0 (19.8% P,0,) 

358.2 

119.40 

Na,HPO. (50.0% PjO.) 

142.0 

47.33 

NaH.PO. • H,0 (51.4% P,0,) 

138.1 

46.03 

NaHtPO. (59.1% P,0,) 

120.1 

40.03 

NaPO, (69.5% P,0.) 

102.0 

34.00 

NajSO, 

142.0 

71.00 

H,0 

18.0 

9.00 

ACID RADICALS 

HCO, 

61.0 

61.00 

CO, 

60.0 

30.00 

CO, 

44.0 

22.00 

Cl 

35.46 

35.46 

NO, 

62.0 

62.00 

OH 

17.0 

17.00 

PO4 

95.0 

31.66 

P 2 O, 

142.0 

23.67 

SO4 

96.06 

48.03 

SO, 

80.1 

40.05 

ACIDS 

H, 

2.0 

1.00 

HC,H,02 

60.0 

60.00 

H,CO, 

62.0 

31.00 

HCl 

36.46 

36.46 

H,P04 

98.0 

32.67 

H2SO4 

98.1 

49.05 

HNO, 

63.0 

63.00 

H,SO, 

82.1 

41.05 


• AljOi and Fe*Oa are commonly reported together as RiO», which for purpose of computa- 
tion is given a mol. wt. of 109 and eq. wt. of 18.2 on the basis of 88% AljOi and 12% FetOs. 
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Courtesy of 


Comb u s 1 1 or 


En^i reenrg-Euper beater^ 


Ire . 


Saturated Steamt Temperature Table 


Tamp 

P»hr. 

t 

Absolute Pressubb 
Lb per In Hg 

8q. In 32 F. 

P 

SrEciric Volume 

Sst Sst 

Liquid Evsp Vapor 

vr vf, V, 

EMTBALrr 

Sat. 

Liquid Evap. 
hi his 

Sat. 

Vapor 

ENTBorr 

Sat. 

Luquid Evap. 

El SI, 

Sat. 

Vapor 

■a 

Tsmp. 

Fshr. 

% 

n 

0 0886 

0 1806 

0 01602 

3305 7 

3305 7 

0 

1075 1 

1075 1 

0 

2 1865 

2 1865 

tt 

•4 

0 0061 

0 1957 

0 01602 

3060 4 

30604 

9 01 

1074 0 

1076 0 

0 0041 

2 1755 

2 1796 

44 


0 1041 

0 2120 

0 01602 

2836 6 

2836 6 

4 03 

1072 9 

1076 9 

0 0082 

2 1845 

2 1727 

to 

M 

0 1126 

0 2292 

0 01602 

2632 2 

2632 2 

0 04 

1071 7 

1077 7 

0 0122 

2 1533 

2 1655 

48 

40 

0 1217 

0 2478 

0 01602 

2445 1 

2445 1 

8 05 

1070 5 

1078 6 

0 0162 

2 1423 

2.1585 

40 

4t 

0 1315 

0 2677 

0 01602 

2271 8 

2271 8 

10 06 

1069 3 

1079 4 

0 0203 

2 1314 

2 1517 

44 

44 

0 1420 

0 2891 

0 01602 

2112 2 

2112 2 

12 06 

1068 2 

1080 3 

0 0242 

2 1207 

2 1449 

44 

44 

0 1532 

03119 

0 01602 

1965 5 

1965 5 

14 07 

1067 1 

1081 2 

0 0282 

2 1102 

2 1384 

40 

4« 

0 1652 

0 3364 

0 01602 

1829 9 

1829 9 

16 07 

1065 9 

1082 0 

0 0322 

2 0995 

2 1317 

48 

•0 

0 1780 

0 3624 

0 01602 

1704 9 

1704 9 

18 07 

1064 8 

1082 9 

0 0361 

2 0891 

2 1252* 

00 

ft 

0 1918 

0 3905 

0 01603 

1588 4 

1688 4 

20 07 

1063 6 

1083 7 

00400 

2 0786 

2 1186 

04 

•4 

0,2063 

0 4200 

0 01603 

1482 4 

1482 4 

22 07 

1062 5 

1084 6 

0 0439 

2 0684 

2 1123 

44 

■4 

0 2219 

0 4518 

0 01603 

1383 5 

1383 5 

24 07 

1061 4 

1085 5 

0 0478 

2 0582 

2 1060 

00 

It 

0 2384 

0 4854 

0 01603 

1292 7 

1292 7 

36.07 

1060 3 

1086.3 

0 0517 

2 0479 

2 0996 

08 

M 

0 2561 

0 5214 

0 01603 

1208 1 

1208 1 

28 07 

1059 1 

1087 3 

0 0555 

2 0379 

2 0934 

00 

ft 

0 2749 

0 5597 

0 01604 

1129 7 

1129 7 

30 06 

1057 9 

1088 0 

0 0594 

2 0278 

2 0872 

04 

44 

0 2949 

0 6004 

0 01604 

1057 1 

1057 1 

32 06 

1056 8 

1088 9 

0 0633 

2 0180 

2 0812 

04 

44 

0 3162 

0 6438 

0 01604 

989 6 

989 6 

34 06 

1055 7 

1089 8 

0 0670 

2 0082 

2 0753 

00 

4t 

0 3388 

0 6898 

0 01605 

927 0 

927 0 

36 05 

1054 5 

1090 6 

0 0708 

1 9983 

2.0691 

48 

TO 

0 3628 

0 7387 

0 01605 

868 9 

868 0 

38 05 

1053 4 

1091 5 

0 0745 

1.9887 

2 0632 

TO 

TS 

0 3883 

0 7906 

0 01606 

814 9 

814 9 

40 04 

1052 3 

1092 3 

0 0783 

1 9792 

2 0575 

Tt 

T4 

0 4153 

0 8456 

001606 

764 7 

764 7 

42 04 

1051 2 

1093 3 

0 0820 

1.9697 

2 0517 

TO 

T4 

0 4440 

0 9040 

0 01607 

7180 

718 0 

44 03 

1050 1 

1094 1 

0 0858 

1 9603 

2 0461 

TO 

TO 

0 4744 

0 9659 

0 01607 

674 4 

674 4 

46 03 

1048 9 

1094 9 

0 0895 

1 9508 

2 0403 

TO 

40 

0 5067 

1 032 

0 01607 

633 7 

633 7 

48 02 

1047 8 

1095 8 

0 0932 

1 9415 

2 0347 

00 

ft 

0 5409 

1 101 

0 01608 

60S 8 

695 8 

50 02 

1046 6 

1096 6 

0 0969 

1 9321 

2 0290 

04 

04 

0 5772 

1 175 

0 01608 

560 4 

6604 

52 01 

1045 5 

1097 5 

0 1006 

1 9230 

2 0236 

04 

44 

0 6153 

1 253 

001609 

527 6 

527 6 

64 01 

1044 4 

1098 4 

0 1042 

1 9139 

2 0181 

00 

to 

0 6555 

1 335 

0 01609 

497 0 

497 0 

56 00 

1043 2 

1099 2 

0 1079 

1 9047 

2 0126 

88 

to 

0 6980 

1 421 

0 01610 

468 4 

468 4 

58 00 

1042 1 

1100 1 

0 1115 

1 8958 

2 0073 

00 

tt 

0 7429 

1 513 

001611 

441 7 

441 7 

59 99 

1040 9 

11009 

O 1151 

1 8867 

2 0018 

90 

44 

0 7902 

1 609 

001611 

4167 

416 7 

61 98 

1039 8 

1101 8 

0 1187 

1 8779 

1 9966 

04 

04 

0 8403 

1 711 

0 01612 

393 2 

393 2 

63 98 

1038 7 

1102 7 

0 1223 

1 8692 

1 9915 

00 

44 

0 8930 

1 818 

001613 

371 3 

371 3 

65 98 

1037 5 

1103 5 

0 1259 

1 8604 

1 9863 

00 

100 

0 9487 

1 932 

0 01613 

350 8 

350 8 

67 97 

1036 4 

1104 4 

0 1295 

1 8517 

1 9812 

too 

lot 

1 0072 

2 051 

001614 

331 5 

331 5 

69 96 

1035 2 

1105 2 

0 1330 

1 8430 

1 9760 

100 

104 

1 0689 

2 176 

0 01614 

313 5 

313 5 

71 96 

1034 1 

1106 1 

O 1.366 

) 8345 

1 9711 

104 

104 

t 1338 

2 308 

001615 

290 5 

296 5 

73 95 

1033 0 

lf07D 

0 1401 

1 8261 

1 9662 

100 

100 

1 2020 

2 447 

0 01616 

280 7 

280 7 

75 94 

1032 0 

1107 9 

0 1436 

1 8179 

1.9616 

100 

110 

1 274 

2 594 

0 01617 

265 7 

265 7 

77 94 

1030 9 

1108.8 

0 1471 

10096 

1 9567 

no 

lit 

1 350 

2 749 

0 01617 

251 6 

251 6 

79 93 

1029 7 

11096 

0 1506 

1 8012 

1 9518 

lit 

114 

1 429 

2 909 

0 01618 

238 5 

238 5 

81 93 

1028 6 

1110 5 

0 1541 

1 7930 

1 9471 

114 

114 

1 512 

3 078 

0 01619 

226 2 

226 2 

83 92 

1027 5 

nil 4 

0 1576 

1 7848 

1 9424 

no 

lit 

1 600 

8 258 

0 01620 

214 5 

214 5 

86 92 

1026 4 

1112 3 

0 1610 

1 7767 

1 9377 

no 

ito 

1 692 

3 445 

0 01620 

203 45 

203 47 

87 91 

1025.3 

11133 

0 1645 

1 7687 

1 9332 

180 

Itt 

1 788 

3 640 

0 01621 

163 16 

193 18 

89 91 

1024 1 

11140 

0 1679 

1 7606 

1 9285 

Itt 

lt4 

1 889 

3 846 

0 01622 

183 44 

183 46 

91 90 

1033 0 

11149 

0 1714 

1 7526 

1 9240 

184 

lt4 

1 995 

4 062 

0 01623 

174 26 

174 28 

93 90 

1031.8 

11157 

0 1748 

1 7446 

1 9194 

Ito 

ito 

2 105 

4 286 

0 01624 

105 70 

105 72 

95 90 

1020 7 

11166 

0 1782 

1 7368 

1.9150 

Ito 

ito 

2 221 

4 522 

0 01625 

157.55 

157 57 

97 89 

1019.5 

1117 4 

0 1816 

1 7289 

1 0105 

130 

lot 

2 343 

4 770 

0 01026 

149 83 

149 85 

99 09 

1018.3 

1118:2 

0 1849 

1 7210 

1 0059 

ISO 

144 

2 470 

5 029 

0 01626 

142 59 

142 61 

101 80 

1017 3 

1119.1 

0 1883 

1 7134 

1 9017 

104 

144 

3 603 

4300 

0 01627 

135 73 

135 75 

103 88 

1016 0 

11199 

0 1917 

1 7056 

1.8973 

100 

144 

2 742 

5 583 

0 01628 

129 26 

129 28 

105 88 

1014.9 

11208 

0 1950 

1.6980 

1.8930 

too 

140 

2 887 

5 878 

0 01629 

123 16 

123 18 

107 88 

1013 7 

1121.6 

0 1984 

1 6904 

1.8888 

140 

14t 

8 039 

6 187 

0 01630 

117 37 

117 39 

100.88 

1013 5 

1122 4 

0 2017 

1 6828 

1.8845 

144 

144 

3 198 

6 511 

0 01631 

111 88 

111 90 

111.88 

1011.3 

1123 8 

0 2050 

1 6752 

1 8802 

144 

140 

8 363 

6 847 

0 01632 

106 72 

106 74 

113.88 

1010 2 

1124 1 

02083 

1 6678 

1 8761 

140 

140 

3538 

7 199 

0 01633 

101 82 

101.84 

115 07 

1009 0 

11249 

0 2116 

1 6604 

1 8720 

148 

140 

3 716 

7 506 

0 01634 

97.18 

97 20 

117.87 

1007 8 

1125 7 

0 2149 

1 6530 

1.8679 

140 

140 

3 904 

7 948 

0 01635 

92 79 

92 81 

119.87 

1006.7 

1126 6 

0 2181 

1 6458 

1.8639 

144 

144 

4 100 

8 348 

0 01036 

88.62 

88 64 

131.87 

1005.5 

1127 4 

0 2214 

1 6384 

1 8508 

144 

144 

4 305 

8 765 

0 01637 

84 66 

84 68 

123 87 

1004.4 

1128 3 

0 2247 

1 6313 

1 8560 

140 

140 

4 518 

9.199 

0 01638 

80 90 

80.92 

135.87 

1003 2 

1129.1 

0 2979 

1 6241 

1 8520 

108 

140 

4 730 

9 640 

0 01639 

77 37 

77 39 

127 87 

1002.0 

11299 

0 2311 

1 6169. 

1 8480 

140 

14t 

4 970 

10 12 

0 01640 

74 00 

74 02 

129 88 

1000.8 

11307 

0 2343 

1 6098 

1 8441 

144 

144 

5 210 

10 61 

0 01642 

70 79 

70 81 

131 88 

999 7 

1131 6 

0 2376 

1 6029 

1 8405 

144 


5460 

11 12 

0 01643 

67 76 

67 78 

133.88 

998 5 

1132 4 

0 2408 

1 5958 

1 8366 
« 

140 
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TABLE XXV 
contirued 

Saturated Steam; Temperature Table — (Continued) 




Temp. 

F»hr. 

t 

Absolutb Premubk 
L b i>er In. Hk. 

8q. 12 F. 

P 

SPBCiriC VoiJDMB 

Bat. Bat. 

Liquid Evap, Vapor 

V4 vt* Tg 

Emtuaupy 

Sat 

Liquid Evap. 
hi hfg 

Bat 

Vapor 

h* 

Bat 

Liquid 

«r 

Entbof-Y 

Evap< 

■I* 

Sat. 

Vapor 

Temp. 

Fahr. 

t 

ITO 

5 990 

12 20 

0 01645 

62 12 

62 14 

137 89 

996 1 

1134 0 

0 2471 

1 531*1 

1 8290 

ITO 

lit 

6 272 

12 77 

0 01646 

59 50 

59 52 

139 89 

995 0 

1134 9 

0 2503 

1 ITSl 

t 8254 


IIA 

6 565 

13 37 

0 01647 

57 01 

57 03 

141 89 

993 8 

1135 7 

0 2535 

1 5683 

1 8218 


tit 

6 869 

13 99 

0 G1648 

54 64 

64 60 

143 90 

992 6 

1136 5 

0 2566 

1 1615 

1 8181 


tit 

7 184 

14 63 

0 01650 

52 39 

52 41 

145 90 

991.4 

1137 3 

0 2598 

1 5547 

i d 

IT8 

ISO 

7.510 

15 29 

0 01651 

50 26 

SO 28 

147 91 

990 2 

1138 1 

0 2629 

1 5479 

1 8108 

180 

ft 

7 849 

15 98 

0 01652 

48 22 

48 24 

149 92 

989 0 

1138 9 

0 2661 

I 5412 

1 8073 

181 

184 

8 201 

16 70 

0 01653 

46 28 

46 30 

151 92 

987 8 

1139 7 

0 2692 

1 5346 

1 8038 

184 

1S4 

8 566 

17 44 

0 01654 

44 43 

44 45 

153 93 

986 6 

1140 5 

O 2723 

1 5280 

1 8003 

186 

IM 

8.944 

18 21 

0 01656 

42 67 

42 69 

155 94 

9SS.3 

1141 3 

0 2754 

1 5213 

1 7967 

188 

1«0 

9 336 

19 01 

0 01657 

40 99 

41 01 

157 95 

984 1 

1142 1 

0 2785 

1 5147 

1 7932 

180 

Itt 

9 744 

19 84 

0 01658 

39 38 

39 40 

159 95 

982.8 

1142 8 

0 2816 

1 5081 

1 7897 

ita 

IM 

10 168 

20 70 

0 01659 

37 84 

37 86 

161 96 

981 5 

1143 5 

0 2847 

1 5015 

1 7862 

184 

IM 

10 603 

21 59 

0 01661 

36 38 

36 40 

163 97 

980 3 

1144 3 

0 2877 

1 4951 

1 7828 

188 

IM 

11 037 

22 51 

0 01662 

34 98 

35 00 

165 98 

979 0 

1145 0 

0 2908 

1 4885 

1 7793 

188 

too 

11 525 

23 46 

0 01663 

33 65 

33 67 

167 99 

977 8 

1145 8 

0 2938 

1 4822 

1 7760 

too 

tot 

12 010 

24 45 

0 01665 

32.37 

32.39 

170 01 

976 6 

1146 6 

0 2969 

1 4759 

1 772S 

tot 

S04 

12 512 

25 47 

0 01666 

31 IS 

31 17 

172 02 

975 3 

1147 3 

0 2999 

1 4695 

1 7694 

104 

too 

13 031 

26 53 

0 01667 

29 99 

30 01 

174 03 

974 1 

1148 1 

0 3029 

1 4633 

1 7662 

t04 

too 

13 568 

27 62 

0 01669 

28 88 

28 90 

176 04 

972 8 

11488 

0 3059 

1 4570 

1 7629 

t08 

tio 

14.123 

28 75 

0 01670 

27 81 

27 83 

178 06 

971 5 

1149 6 

0 3090 

1 4507 

1 7597 

tio 

tit 

14 696 

29 92 

0 01672 

26 81 

26 S3 

180 07 

970 3 

11504 

0 3120 

1 4446 

1 7566 

tit 




0 01674 

25 35 

25 37 

183 10 

968 3 

1151 4 

0 3165 

1 4352 

1 7517 

tlB 




0 01677 

23 14 

23 16 

188 14 

965 2 

1153 3 

0 3239 

1 4201 

1 7440 

tto 

tto 

18915 


0 01681 

2H6 

21.17 

193 18 

96 LO 

1155 1 

0 3313 

1 4049 

1 7362 

ttB 




0 01684 

19 371 

19 388 

198 22 

938 7 

1156 9 

0 3386 

1 3900 

1 7280 

tto 




0 01688 

17 761 

17.778 

203 28 

955 3 

1158 6 

0 3459 

1 3751 

1 7210 

tSB 


24 97 


0 01692 

16 307 

16 324 

208 34 

952 1 

1160 4 

0 3531 

1 3607 

1 7138 

140 


27 31 


0 01696 

15 010 

15 027 

213 41 

948 7 

1162 1 

0 3604 

1 3462 

1 7066 

148 

too 

29.82 


0 01700 

13.824 

13 841 

218 48 

945 3 

1163 8 

0 3675 

1 3320 

1 6995 

160 

too 

32.53 


0 01704 

12 735 

12 752 

223 56 

942 0 

1165 6 

0 3747 

1 3181 

1 6928 

168 


35 43 


0 01708 

11 754 

11 771 

228 65 

938 6 

1167 3 

0 3817 

1 3042 

1 6859 

180 


38 54 


0 01713 

10 861 

10.878 

233 74 

935 3 

1169 0 

0 3888 

1 2906 

1 6794 

148 


41.85 


001717 

10 053 

10 070 

238 84 

931 8 

1170 6 

0 3958 

1 2770 

1 6728 

ITO 

tro 

45.40 


001721 

9 313 

9.330 

243 94 

928 2 

1172 1 

0 4027 

1 2634 

1 6661 

tT8 


49 20 


0 01726 

8.634 

8 651 

249 06 

024 6 

1173 7 

0 4096 

1 2500 

1 6596 

180 

too 

53 25 


001731 

8 015 

8 032 

254 18 

921 0 

1175 2 

0 4165 

1 2368 

1 6533 

888 




0 01735 

7 448 

7 465 

259 31 

917 4 

1176 7 

0 4234 

1 2237 

1 6471 

tto 

too 

62 13 


0 01740 

6.931 

6.948 

264 45 

913 7 

1178 2 

0 4302 

1 2107 

1 6409 

Its 

too 

67.01 


0 01745 

6.454 

6 471 

269 60 

910 1 

1179 7 

0 4370 

1 1980 

1 6350 

too 

too 



0 01750 

6 014 

6.032 

274 76 

906 3 

list 1 

0 4437 

1 1852 

1 6289 

808 

tio 

77.68 


0 01755 

5 610 

5 628 

279 92 

902 6 

1182 5 

0 4605 

1 1727 

1 6232 

810 

010 

83.50 


0 01760 

5 239 

5 257 

285 10 

898 8 

1183 9 

0 4571 

1 1587 

1 6158 

818 

sto 

89 65 


0 01765 

4.897 

4 915 

290 29 

895 0 

1185 3 

0 4637 

1 1479 

1 6116 

Sto 

oto 

96 16 


0 01771 

4.583 

4 601 

295 49 

891 1 

1186 6 

0 4703 

1 1356 

1 6059 

tto 

too 

103 03 


0 01776 

4 292 

4 310 

300.69 

887 1 

1187 8 

0 4769 

1 1234 

1 6003 

880 

too 

110 31 


0 01782 

4 021 

4 039 

305 91 

883 2 

1189 1 

0 4835 

1 1U4 

1 5949 

988 

040 

117 99 


0 01788 

3 771 

3 789 

311 14 

879 2 

1190 3 

0 4900 

1 0994 

1 5894 

840 

040 

126.10 


0 01793 

3 539 

3 557 

316 38 

875 1 

1191 5 

0 4966 

1 0875 

1 5841 

840 

000 

134 62 


0 01799 

3 324 

3 342 

321 64 

871 0 

1192 6 

0 5030 

1 0757 

1 5787 

880 

000 

143 58 


0 01805 

3 126 

3 144 

326 91 

866 8 

1193 7 

0 5094 

1 0640 

1 5734 

888 

000 

153 01 


001811 

2 940 

2 958 

332 19 

862 5 

1194 7 

0 5159 

1 0522 

1 5681 

880 

OM 

162.93 


0 01817 

2 768 

2 786 

337 48 

858 2 

1195 7 

0 5223 

1 0406 

1 5629 

888 

OTO 

173 33 


0 01823 

2 607 

2 625 

342 79 

863 8 

1196 6 

0 5286 

1 0291 

1 5577 

STO 

OTO 

184 23 


0 01830 

2.458 

2.476 

348 11 

849 4 

1197 5 

0 5350 

1 0176 

1 5526 

STB 

000 

195 70 


0.01836 

2.318 

2 336 

353.45 

M4.9 

1198 4 

0 5413 

1 0062 

1 5475 

880 

000 

207 71 


0 01843 

2.189 

2.207 

358 80 

8404 

1190 2 

0 5476 

0 9949 

1 5425 

888 

800 

330.30 


0 01850 

2.064 

2 083 

364 17 

U5 7 

1190.0 

0 5540 

0 9835 

! 5375 

SM 

800 

833 47 


0 01857 

1.9512 

1 9698 

369 56 

831 0 

1200.6 

•0 5602 

0 9723 

1.5325 

198 

400 

847.25 


0.01864 

1.8446 

1.8632 

374.97 

826.2 

1201.2 

05664 

0.9610 

1.5274 

400 


861.67 


0.01871 

1.7445 

1.7632 

380.40 

821.4 

1201 8 

0 5727 

0 9499 

1 5226 

408 

410 

276 72 


0 01878 

1.6508 

1 6696 

385.83 

816.6 

1202 4 

0 5789 

0.9390 

1.5170 

410 

410 

292 44 


0.01886 

1 5630 

1 5819 

391.30 

811 7 

1203 0 

0 5851 

0.9280 

1.5131 

418 

480 

308.82 


0.01894 

I 4806 

1 4995 

396.78 

806.7 

1203.5 

0.5912 

0.9170 

1.5082 

4S0 

480 

325 01 


0.01902 

1.4031 

1 4221 

402.28 

801 6 

1203.9 

0 5974 

0 0061 

1.5035 

4S6 

480 

343 71 


0 01910 

1 3303 

I 3494 

407.80 

796 5 

1204.3 

0 6036 

0 8953 

1.4989 

480 

4M 

362 27 


0 01918 

1.2617 

1 2809 

413 35 

791 2 

1204 6 

0.6097 

0 8843 

1 4940 

488 

440 

381 50 


0.01926 

1 1973 

1 2166 

41891 

785 9 

1204.8 

0 6159 

0 8735 

1.4894 

440 

440 

401 70 


0.01934 

1 1367 

1 1560 

424 49 

780 4 

1204 9 

0 6220 

0 8626 

1 4846 

448 

400 

422 61 


0.01943 

1.0796 

1 0990 

430.11 

774.9 

1205 0 

0 6281 

0 8518 

1.4799 

4M 

400 

444.86 


0.0195 

1 0256 

1 0451 

435.74 

769.3 

1205 0 

0 6342 

0 8410 

1.4752 

486 

400 

460 07 


0.0196 

0 9745 

0.9941 

441.42 

763 6 

1205 0 

0 6403 

0 8303 

1.4706 

4M 

400 

400.43 


0.0197 

0 9262 

0 9459 

447.10 

757.8 

1204 0 

0 6463 

0 8105 

1 4658 

4M 

480 

614 70 


0 0198 

0 8808 

0 9006 

452 84 

751.9 

1204.7 

0 6524 

0 8088 

O 7980. „ 

1.4612 

» 

4T9 
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TABLE XXV 
continued 


Saturated Steam: Temperature Table — (Concluded) 


Temp. 

Ffthr 

t 

Abs. Pr«w 

Lb./8<i la 

P 

Sractvic Voloub 

Sat Sat. 

Liquid Evap Vapor 

rt Vf, V, 

ENTBALaY 

Sat 

Liquid Evap 
h: h|. 

Sat. 

Vapor 

h. 

Sat 

Liquid 

Entbovv 

Evap. 

•f* 

Sat 

Vapor 

*« 

FUbr** 

t 

AM 

566 12 

0 0200 

0 7972 

0 8172 

464 37 

739 8 

1204 2 

0 6646 

0 7873 

1 4519 

4A0 

AM 

593 28 

0 0201 

0 7585 

0 7786 

470 18 

733 6 

1203 8 

0 6706 

0 7766 

1 4472 

4M 

AM 

621 44 

0 0202 

07219 

0 7421 

476 01 

727 3 

1203 3 

0 6767 

0 7658 

1 4425 

4A0 

AAA 

650 50 

0 0203 

0 6872 

0 7075 

481 00 

720 8 

1202 7 

0 6827 

0 7560 

I 4377 

4AA 

AM 

680 80 

0 0204 

0 6544 

0 6748 

487 80 

714 2 

1202 0 

0 6888 

0 7442 

1 4330 

AM 

AM 

712 19 

0 0206 

0 6230 

0 6436 

493 8 

707 5 

1201 3 

0 6949 

0 7334 

1 4283 

MA 

AlO 

744 55 

0 0207 

0 5932 

0 6139 

499 8 

700 6 

1200 4 

0 7009 

0 7225 

1 4234 

AlO 

AlA 

777 96 

0 0208 

0 5651 

0 5859 

505.8 

693 6 

1199 4 

0 7070 

07116 

1 4186 

AlA 

AM 

812 68 

0 0209 

0 5382 

0 5591 

511 9 

686 5 

1198 4 

0.7132 

0 7007 

1 4139 

ASO 

ASA 

848 37 

0 0210 

0 5128 

0 5338 

5180 

679 2 

1197.2 

0 7192 

0 6898 

1.4090 

ASA 

AM 

885 20 

0 0212 

0 4885 

0 5097 

524 2 

671 9 

1196 1 

0 7253 

0 6789 

1 4042 

AAA 

AM 

923 45 

0 0213 

0 4654 

0 4807 

530 4 

664 4 

1194 8 

0 7314 

0 6679 

1 3993 

AAA 

AA* 

962 80 

0 0214 

0 4433 

0 4647 

536 6 

656 7 

1193 3 

0 7375 

0 6569 

1.3944 

A40 

AAA 

1003 6 

0 0216 

0 4222 

0 4438 

542 9 

648 9 

1191 8 

0 7436 

0 6459 

1 3895 

AAA 

AM 

1045 6 

0 0218 

0 4021 

0 4239 

549 3 

640 9 

1)902 

0 7498 

0 6347 

1 3845 

AM 

AAA 

1088 8 

0 0219 

0 3830 

0 4049 

555 7 

632 6 

1188 3 

0 7559 

0 6234 

1 3793 

AAA 

AM 

11334 

0 0221 

0 3648 

0 3869 

562J 

624 I 

1186 3 

0 7622 

0 6120 

1 3742 

AAO 

AAA 

1170 3 

0 0222 

0 3472 

0 3694 

568 8 

6154 

1184 2 

0 7684 

06006 

1 3690 

AM 

ATA 

1226.7 

0 0224 

0 3304 

0 3528 

575 4 

606 5 

1181 9 

0 7737 

0 5890 

1 3627 

ATA 

ATA 

1275 7 

0 0226 

0 3143 

0 3369 

582 1 

597 4 

1179 6 

0 7810 

0 6774 

1 3584 

ATA 

AM 

1326 1 

0 0228 

0 2989 

0 3217 

588 9 

588 1 

1177 0 

0 7872 

0 5656 

1 3528 

AM 

AM 

1378 1 

0 0230 

0 2840 

0 3070 

595 7 

578.6 

1174 3 

0 7936 

0 5538 

1 3474 

AM 

AM 

1431 5 

0 0232 

0 2699 

0 2931 

602 6 

568 8 

1171 4 

0 8000 

05419 

1 3419 

AM 

AAA 

1486.5 

0 0234 

0 2563 

0 2797 

6097 

558 7 

11684 

0 8065 

0 5297 

1.3362 

AAA 

AM 

1543 2 

0 0236 

0 2432 

0 2668 

616 8 

548 4 

1165 2 

0 8130 

0 5175 

1.3305 

AM 

AM 

1601 5 

0 0239 

0 2306 

0 2545 

624 1 

537 7 

1161 8 

0 8196 

0 5050 

1 3246 

AM 

Ate 

1661 6 

0 0241 

0 2185 

0 2426 

631 5 

526 6 

1158 1 

0 8263 

0 4923 

1 3186 

AlO 

AlA 

1723 4 

0 0244 

02068 

0 2312 

638 9 

515 3 

1154 2 

0 8330 

0 4795 

1 3125 

AlA 

AM 

1787 0 

0 0247 

0 1955 

0 2202 

646 5 

503 7 

11502 

0.8398 

0 4665 

1 3063 

ASO 

AM 

1852 4 

0 0250 

0 1845 

0 2095 

654 3 

491 5 

1145 8 

0 8467 

0 4531 

1 2998 


AM 

1019 8 

0 0253 

0 1740 

0 1993 

662 2 

478.8 

1141 0 

0 8537 

0 4394 

1 2931 

AM 

MA 

1980 0 

0 0256 

0 1638 

0 1894 

670 4 

465.5 

1135 9 

0 8609 

0 4252 

1 2861 

MA 

AM 

2060.8 

0 0260 

0 1539 

0 1799 

678 7 

452 0 

11307 

0 8681 

0 4110 

1 2791 

AM 

AM 

2183 5 

0 0264 

0 1441 

0 1705 

687 3 

437.6 

1124 0 

0 8756 

0.3061 

1 2717 

AM 

AM 

2208 8 

0 0268 

0 1348 

0 1616 

696 0 

422 7 

1118.7 

0 8832 

0 3809 

1.2641 

AM 

MA 

2286 4 

0 0273 

0 1256 

0 1529 

705 2 

407 0 

11122 

0 8910 

0 3651 

1 2561 

AM 

AM 

2366 2 

0 0278 

0 1167 

0 1445 

714 4 

390 5 

1104 9 

0 8991 

0 3488 

1.2479 

AM 

AM 

2448 0 

0 0283 

0 1079 

0 1362 

724 5 

372 1 

1096.6 

0 9074 

0 3308 

1.2382 

AM 

Ate 

2532.4 

0 0290 

0 0991 

0 1281 

734 6 

353 3 

1087.9 

0 9161 

0.3127 

1.2288 

070 

ATA 

2610 2 

0 0297 

00904 

0 1201 

745 5 

332 8 

1078 3 

0 9253 

0 2933 

1.2186 

OTO 

AM 

2708 4 

0 0305 

0 0810 

0 1115 

757 2 

310 0 

1067.2 

0 9352 

0 2720 

1 2072 

OM 

AM 

2800 4 

00316 

00716 

0 1032 

770 1 

284 5 

1054.6 

0 9459 

0 2485 

1 1944 

OM 

AM 

3895.0 

0 0328 

0 0617 

0 0945 

784 2 

254 9 

1039 1 

0 9579 

0 2217 

1 1796 

OM 

AM 

3993.7 

0.0345 

0 0511 

0 0856 

801 3 

219 1 

1020.4 

0 9720 

0.1897 

1 1617 

oto 

TM 

3094.1 

0 0369 

0 0388 

0 0758 

823 0 

171 7 

995 6 

09904 

0 1481 

1 1385 

TM 

TM 

31991 

00440 

0.0157 

0 0597 

870 2 

77 A 

947.8 

1 0305 

00661 

1 0966 

TM 

TM 

84* 3200.3 

0 0541 

0 

0 0541 

910.3 

0 

910 3 

1 0645 

0 

10645 

TMM* 


* CnU«el i«mparBiara 
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TABLE XXV 
contirued 

Superheated Steam 


Aba Press 
Lb/Sq In. 
(8*t Temp.) 

Sat 

Water 

Sat 

Steam 

Tkijperatuke- 

200’ 250’ 

— Deqheeb Fahrenheit 

300’ 350’ 400’ 450’ 

SOO’ 

•00* 

TOO’ 

800’ 

lOO’ 

1000’ 

1100’ 

itoo* 


Sh 



98 24 

148 24 

198 24 

248 24 

298 24 

348 24 

398 24 

498 24 

598 24 

698 24 

798 24 

898 24 

998 24 1098 24 

1 

V 

0 0161 

833 79 

392 5 

422 5 

452 1 

482 1 

511 7 

541 8 

571 3 

630 9 

690 6 

750 2 

809 8 

869 4 

929 1 

988 7 

(101 76) 

h 

69 72 

1105 2 

1149 2 

1171 9 

1194 4 

1217 3 

1240 2 

1263 5 

1286 7 

1333 9 

1382 1 

1431 0 

1480 8 

1531 4 

1583 0 

1635 4 


• 

0 1326 

1 9769 

2 0491 

2 0822 

2 1128 

2 1420 

2 1694 

2 1957 

2 2206 

2 2673 

2 3107 

2 3512 

2 3892 2 4251 

2 4592 

2 4918 


Sh 



37 75 

87 75 

137 75 

187 73 

237 75 

287 75 

337 75 

437 75 

537 75 

637 75 

737 75 

837 75 937 75 1037 75 

5 


0 0164 

73 600 

78 17 

84 24 

90 21 

9b 26 

102 19 

108 23 

114 16 

126 11 

138 05 

149 99 

161 91 

173 83 

185 80 

197 72 

(162 25) 

h 

130 13 

1130 8 

1148 3 

1171 1 

1193 6 

1216 6 

1239 8 

1263 0 

1286 1 

1333 5 

1381 8 

1430 8 

1480 6 

1531 3 

1582 9 

1635 3 


s 

0 2347 

1 8437 

1 8710 

1 9043 

1 9349 

1 9642 

1 9920 

2 0182 

2 0429 

2 0898 

2 1333 

2 1738 

2 2118 2 2478 2 2820 

2 3146 


Sh 



6 79 

56 79 

106 79 

156 79 

206 79 

256 79 

306 79 

406 79 

506 79 

606 79 

706 79 800 79 

906 79 1006 79 

10 

V 

0 0166 

38 462 

38 88 

41 96 

44 98 

48 02 

51 01 

54 04 

57 02 

63 01 

68 99 

74 96 

80 92 

86 89 

92 88 

98 85 

(193 21) 

h 

161 17 

1143 3 

1146 7 

1170 2 

1192 8 

12160 

1239 3 

1262 5 

1285 8 

1333 3 

1381 6 

1430 6 

1480 5 

1531 2 

1682 8 

1635 2 


s 

0 2834 

1 7876 

1 7928 

1.8271 

1 8579 

1 8873 

1 9154 

1 9416 

1 9665 

2 0135 

2 0570 

2 0975 

2 1356 

2 1716 2 2058 

2.2384 


Sh 




38 00 

88 00 

138 00 

188 00 

238 00 

288 00 

388 00 

488 00 

588 00 

688 00 788 00 

888 00 

988 00 

14 696 


0 0167 

26 828 


28 44 

30 52 

32 61 

34 65 

36 73 

38 75 

42 83 

46 91 

50 97 

55 03 

59 09 

63 19 

67 25 

(212 00) 

h 

180 07 

1150 4 


1169 2 

1192 0 

1215 4 

1238 9 

1262 1 

1285 4 

1333 0 

1381 4 

1430 5 

1480 4 

1531 1 

1582 7 

1635 1 


& 

0 3120 

1 7566 


1 7838 

1 8148 

1 8446 

1 8727 

1 8989 

1 9238 

1 9709 

2 0145 

2 0551 

2 0932 

2 1292 

2.1634 

2 1960 


Sh 




36 97 

86 97 

136 97 

186 97 

236 97 

286 97 

386 97 

486 97 

686 97 

686 97 

786 97 

886 97 

986 97 

16 


0 0167 

26 320 


27 86 

29 90 

31 94 

33 95 

35 98 

37 97 

41 98 

45 97 

49 95 

53 93 

57 91 

61 91 

65 89 

(213 03) 

h 

181 11 

1150 7 


1169 2 

1192 0 

1215 4 

1238 9 

1262 1 

1285 4 

1333 0 

1381 4 

1430 5 

1480 4 

1531 1 

1582 7 

1635 1 


8 

0 3135 

1 7548 


1 7816 

1 8126 

1 8424 

1.8703 

1 8967 

1 9216 

1 9687 

2 0123 

2 0529 

2 0910 2 1270 

2 1612 

2 1938 


Sh 




22 04 

72 04 

122 04 

172 04 

222 04 

272 04 

372 04 

472 04 

672 04 

672 04 772 04 872 04 

972 04 

10 


0 0168 

20 no 


20 81 

22 36 

23 91 

25 43 

26 95 

28 45 

31 46 

34 46 

37 44 

40 43 

43 42 

46 43 

49 41 

(227 96) 

h 

196 16 

1156 1 


1168 0 

1191 1 

1214 8 

1238 4 

1261 6 

1285 0 

1332 7 

1381 2 

1430 3 

1480 2 

1531 0 

1582 6 

1635 1 


s 

0 3356 

1 7315 


1.7485 

1 7799 

1 8101 

1 8384 

1 8646 

1 8896 

1 9368 

1 9805 

2 0211 

2 0592 

2 0952 

2 1294 

2 1620 


Sh 




9 93 

59 93 

109 93 

159 93 

209 93 

259 93 

359 93 

459 93 

559 93 

659 93 

759 93 

859 93 

959 93 

to 


0 0169 

16 321 


16 58 

17 84 

19 08 

20 30 

21 53 

22 73 

25 15 

27 55 

29 94 

32 33 

34 73 

37 14 

39 52 

(240 07) 

b 

208 41 

1160 4 


1166 3 

1190 2 

1214 1 

1237 9 

1261 1 

1284 6 

1332 4 

1381 0 

1430 1 

1480 0 

1630 9 

1582 5 

1635 0 


s 

0 3532 

1 7137 


1 7221 

1 7570 

1 7875 

1 8160 

1 8422 

1 8673 

1 9146 

1 9584 

1 9990 

2 0371 

2 0732 

2 1074 

2 1400 


Sh 





49 66 

99 66 

149 66 

199 66 

249 66 

349 66 

449 66 

549 66 

649 66 749 66 

849 66 

949 66 

SO 


0 0170 

13 763 



14 82 

15 87 

16 89 

17 91 

18 92 

20 94 

22 94 

24 94 

26 93 

28 93 

30 94 

32 93 

(260 34) 

h 

218 83 

1164 0 



1189 2 

1213 4 

1237 4 

1260 6 

1284 2 

1332 1 

1380 8 

1429 9 

1479 9 

1530 8 

1582 4 

1634 9 


b 

0 3680 

1 6992 



1 7335 

1 7643 

1 7930 

1 8192 

1 8444 

1 8918 

1 9357 

1 9763 

2 0145 2 0506 

2 0848 

2 1174 


Sh 





40 72 

90 72 

140 72 

190 72 

240 72 

340 72 

440 72 

640 72 

640 7 2 740 7 2 840 72 

940 72 

86 


0 0171 

11 907 



12 66 

13 67 

14 45 

15 33 

16 20 

17 94 

19 66 

21 36 

23 08 

24 79 

26 52 

28.22 

(259 28) 

h 

227 92 

1167 0 



1188 2 

1212 7 

1236 9 

1260 1 

1283 8 

1331 9 

1380 6 

1429 8 

1479 8 

1530 7 

1582 3 

1634 8 

8 

0 3807 

1 6869 



17156 

1 7468 

1 7758 

1 8020 

1 8274 

1 8760 

1 9189 

1 9596 

1 9978 2 0339 2 0681 

2 1007 


Sh 





32 76 

82 76 

132 76 

182 76 

232 70 

332 76 

432 76 

532 70 

632 76 732 76 

832 76 

932 76 

40 


0 0172 

10 500 



11 04 

11 84 

12 62 

13 40 

14 16 

15 68 

17 19 

18 69 

20 18 

21 68 

23 20 

24 69 

(267 24) 

h 

236 02 

1169 7 



1187 1 

1211 9 

1236 4 

1259 6 

1283 4 

1331 6 

1380 4 

1429 6 

1479 6 

1530 6 

1582 2 

1634 8 

8 

0 3919 

1 6763 



1.6997 

1 7313 

1 7606 

1 7868 

18123 

1 8600 

1 9040 

1 9447 

1 9829 2 0191 

2.0533 

2 0860 


Sh 





25 55 

75 55 

125 55 

175 55 

225 55 

325 55 

425 55 

525 55 

625 55 

725 55 

825 55 

925 55 

49 


0 0172 

9 408 



9 785 

10 50 

11 20 

11 89’ 

12 57 

13 93 

15 27 

16 60 

17 94 

19 27 

20 62 

21 95 

(274 45} 

b 

243 38 

1172 0 



1185 9 

1211 1 

1235 8 

1259 1 

1283 0 

1331 3 

1380 1 

1420 4 

1479 4 

1530 5 

1582 1 

1634 7 

8 

0 4019 

1 6668 



1 6854 

1 7175 

1 7471 

1 7734 

1 7990 

1 8468 

1 8908 

1 9315 

1 9697 

2 0059 

2 0401 

2.0728 


Sh 





18 99 

68 99 

118 99 

168 99 

218 99 

318 99 

418 99 

518 99 

618 99 718 99 

818 99 

918 99 

00 


0 0173 

8 622 



8 777 

9 430 

10 06 

10 69 

11 30 

12 53 

13 74 

14 93 

16 14 

17 34 

18 55 

19 75 

(281 01) 

h 

250 09 

1174 0 



1184 6 

1210 3 

1235 2 

1258 6 

1282 6 

1331 0 

1379 9 

1429 3 

1479 3 

1530 4 

1582 0 

1634 6 


8 

0 4110 

1 6583 



1.6724 

1 7051 

1 7349 

1 7613 

1 7870 

1 8349 

1 8790 

1 9198 

1 9580 

1 9942 

2 0284 

2 0611 


Sh 





12 93 

62 93 

112 93 

162 93 

212 93 

312 93 

412 93 

512 93 

612 93 712 93 812 93 

912 93 

59 


0 0173 

7 792 



7 950 

8 553 

9 130 

9 703 

10 26 

11 38 

12 48 

13 57 

14 67 

15 76 

16 86 

17 96 

(287 07) 

h 

256 30 

1175 8 



1183 2 

1209 4 

1234 6 

1258 2 

1282 2 

1330 7 

1379 7 

1429 1 

1479 2 

1530 3 

1581 9 

1634 5 

8 

0.4193 

1 6506 



1 6604 

1 6938 

1 7240 

1 7607 

1 7764 

1 8244 

1 8685 

1 9093 

1 9476 

1 9837 

2.0179 

2 0512 


8b 





7 29 

57 29 

107 29 

157 29 

207 29 

307 29 

407 29 

507 29 

607 29 707 29 

807 29 

907 29 

50 


0 0174 

7 179 



7 260 

7 821 

8 353 

8 882 

9 398 

10^2 

11 44 

12 44 

13 44 

14 44 

15 45 

16 45 

(282 71) 

b 

262 10 

1177 5 



1181 8 

1208 5 

1234 0 

1257 7 

1281 8 

1330 4 

1379 5 

1428 9 

1479 0 

1530 2 

1581 S 

1634 4 


8 

0 4271 

1 6437 



1 6494 

1 6834 

1 7139 

1 7407 

1 7665 

1 8146 

1 8588 

1 8996 

1 9378 

1 9741 

2 0083 

2.0410 


Sh 





2 03 

52 03 

102 03 

152 03 

202 03 

302 03 

402 03 

502 03 

602 03 

702 03 802 03 

902.03 

59 


0 0174 

6 654 



6 674 

7 202 

7 696 

8 187 

8 665 

9 614 

10 55 

11 48 

12 40 

13 33 

14 26 

15 19 

(297 97) 

b 

267 51 

1179 1 



1180 4 

1207 6 

1233 4 

1257 2 

1281 4 

1330 1 

1379 3 

1428 8 

1478 9 

1530 1 

1581.7 

1634 4 


8 

0 4342 

1 6374 



1 6391 

1 6738 

1 7047 

1 7316 

1 7575 

1 8057 

1 8500 

1 8909 

1 9291 

1 9654 

1 9996 

2 0323 


Sh 






47 08 

V7 08 

147 08 

197 08 

297 08 

397 08 

497 08 

597 08 697 08 797 08 

897 08 

TO 


0 0175 

6 210 




6 671 

7 132 

7 592 

8 036 

8 920 

9 791 

10 65 

11 51 

12 37 

13 24 

14 10 




1180 5 
1 6314 




1206 7 

1232 8 

1256 7 

1281 0 

1329 9 

1379 0 

1428 6 

1478 7 

1530 0 

1581 6 

1634 3 


8 

0^4^409 




1 6647 

1 6960 

1 7230 

1 7490 

1 7974 

1 8416 

1.8826 

1 9208 

1 9572 

1 9914 

2 0241 


Sh 






42 40 

92 40 

142 40 

192 40 

292 40 

392 40 

492 40 

692 40 692 40 792 40 

892 40 

79 


0 01 75 

5 820 




6 210 

6 644 

7 076 

7 492 

8 319 

9 133 

9 938 

10 74 

11 54 

12 36 

13 16 

/^n*r AA\ 


277 44 





1205 8 

1232 2 

1256 2 

1280 6 

1329 6 

1.378 8 

1428 4 

1478 6 

1529 8 

1581 5 

1634 

OU; 

8 

0 4472 

1 6260 




1 6563 

1 6879 

I 7150 

1 7411 

1 7896 

1 8339 

1 8749 

1 9132 

1 9495 

1 9837 

2 0164 


Sh = superheat, dej? F h = enthalpy, Btu per lb 

V « specihc volume, cu. ft per lb s »= entropy, Btu. per deg. b . per lb. 
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TABLE XXV 
continued 


Superheated Steam — (Continued) 


Ab« Presa 

Lb /Sq In Sat 
(Sat Temp) Water 

Sat 

Steam 

Temperatorb- 

340° 860° 

— Deqrees Fahrenheit 

SB0“ 400° 420° 480° 

BOO* 

400° 

700“ 

800* 

too* 

1000* 

1100* 

1800* 


Sh 


27 97 

47 97 

67 97 

87 97 

107 97 

137 97 

187 97 

287 97 

387 97 

487 97 

5S7 97 

687 97 

787 97 

897 97 

•0 

V 0 0176 

5 476 

5 720 

5 889 

6 055 

6 217 

6 384 

6 623 

7 015 

7 793 

8 558 

9313 

10 07 

10 82 

11 58 

12 33 

(312 03) 

h 282 02 

1183 1 

1200 0 

1211 0 

1221 2 

1291 5 

1240 3 

1255 7 

1280 2 

1329 3 

1378 5 

1428 2 

1478 4 

1529 7 

15S1 4 

1634 1 


8 0 4532 

1 6209 

1 6424 

1 6560 

1 6683 

1 6804 

1 6905 

1 7077 

1 7339 

1 7825 

1 8268 

1 8679 

1 9062 

1 9426 

1 9708 

2 0095 


Sh 


23 75 

43 75 

63 75 

83 75 

103 75 

133 75 

183 75 

283 75 

383 75 

483 75 

583 75 

683 75 

783 75 

883 75 

•1 

V 0 0176 

5 169 

6 368 

5 528 

5 685 

5 839 

5 995 

6 226 

6 594 

7 329 

8 0.50 

8 762 

9 472 

10 18 

10*00 

It 61 

(310 25) 

h 286 40 

1184 3 

1198 5 

12100 

1220 5 

1230 7 

1239 7 

1255 1 

1279 7 

1329 0 

13783 

I42S0 

1478 2 

1529 6 

1.581 3 

1634 0 


■ 0 4587 

1 6159 

1 6339 

1 6481 

1 6608 

1 6728 

1 6831 

1 7003 

1 7266 

1 7754 

1 8198 

1 8609 

1 8992 

1 9357 

1 0690 

2 0026 


Sh 


10 73 

39 73 

59 73 

79 73 

99 73 

129 73 

179 73 

279 73 

379 73 

479 73 

579 73 

679 73 

779 73 

879 73 

•0 

V 0 0177 

4 808 

5 055 

5 208 

5 357 

5 504 

5 653 

5 869 

6 220 

6916 

7 599 

8 272 

8 943 

9 626 

10 29 

10 96 

(320 27) 

h 290 57 

1185 4 

1197 3 

1209 0 

1219 8 

1230 0 

1239 1 

1254 5 

1279 3 

1328 7 

1378 1 

1427 9 

1478 1 

1520 .5 

1581 2 

1634 0 


8 0 4641 

1 6113 

1 6264 

1 6408 

1 6538 

1 6658 

1 6703 

1 6935 

1 7200 

1 7689 

1 8134 

1 8546 

1 8929 

1 9294 

1 9636 

1 9964 


Sh 


15 87 

35 87 

55 87 

75 87 

95 87 

125 87 

175 87 

275 87 

375 87 

475 87 

575 87 

675 87 

775 87 

87 5 87 


V 0 0177 

4 653 

4 773 

4 921 

5 063 

5 205 

5 346 

5 552 

5 886 

6 547 

7 195 

7 834 

8 481 

9 117 

9 751 

10 38 

(324 13) 

h 294 “iS 

1186 4 

1196 0 

1208 0 

1219 0 

1229 3 

12316 

1254 0 

1278 9 

1324 4 

1377 8 

1427 7 

1478 0 

1529 4 

1581 1 

1633 9 


s 0 4692 

1 C070 

1 6191 

1 6339 

1 6472 

1 6593 

1 6700 

1 6872 

1 7138 

1 762 i 

1 8073 

1 S4B5 

1 8869 

1 9234 

1 9576 

1 9904 


Sh 


12 17 

32 17 

52 17 

72 17 

92 17 

122 17 

172 17 

272 17 

372 17 

472 17 

572 17 

672 17 

772 17 

872 17 

100 

V 0 0177 

4 433 

4 520 

4 603 

4 801 

4 930 

5 070 

5 266 

5 589 

6 217 

6 836 

7 448 

8 055 

8 659 

9 262 

0 862 

(327 83) 

h 298 43 

1187 3 

1194 9 

1207 0 

12183 

1228 4 

1238 6 

1253 7 

1278 6 

1327 9 

1377 5 

1427 5 

1478 0 

1529 2 

1581 0 

1633 7 


8 0 4741 

1 6028 

1 6124 

1 6273 

1 6409 

1 6528 

1 6645 

1 6814 

1 7080 

1 7568 

1 8015 

1 8428 

1 8814 

1 9177 

1 9520 

1 9847 


Sh 


8 62 

28 62 

48 62 

68 62 

88 62 

118 62 

108 62 

2G8 63 

368 62 

468 62 

568 62 

668 62 

768 62 

868 62 

106 

V 0 0178 

4 232 

4 292 

4 429 

4 562 

4 691 

4 820 

5 007 

5 316 

5916 

6 507 

7 090 

7 670 

8 245 

8 819 

9 391 

(331 38) 

h 302 n 

1188 2 

1193 5 

1203 9 

12172 

1227 6 

1237 5 

1252 9 

1278 0 

1327 6 

1377 4 

1427 3 

1477 7 

1529 2 

1580 9 

1633 7 


a 0 4787 

1 5988 

1 6055 

1 6208 

1 6344 

1 6466 

1 6580 

1 6752 

1 7020 

1 75U 

1 7960 

1,8372 

1 8757 

1 9122 

1 9464 

1 9791 


Sh 


521 

25 21 

45 21 

65 21 

85 21 

11521 

165 21 

265 21 

365 21 

465 21 

565 21 

665 21 

765 21 

865 21 

110 

V 0 0178 

4 050 

4 084 

4 217 

4 345 

4 469 

4 592 

4 773 

5 069 

5 643 

6 208 

6 765 

7 319 

7 869 

8417 

8 963 

(334 79) 

h 305 69 

1.89 0 

1192 2 

1204 9 

1216 4 

1226 9 

1236 9 

1252 4 

1277 5 

1327 4 

1377 1 

1427 1 

1477 5 

1529 1 

1580 8 

1633 6 


a 0 4832 

1 5950 

I 5090 

1.6147 

1 6286 

1 6410 

1 6525 

1 6698 

1 6960 

1 7460 

1 7909 

1 8321 

1 8706 

1 9072 

1 9414 

1 9743 


Sh 



21 92 

41 92 

61 92 

81 92 

111 92 

161 93 

261 92 

361 92 

461 92 

561 92 

661 92 

761 92 

861 92 

lie 

V 0 0179 

3 882 


4 022 

4 146 

4 266 

4 384 

4 558 

4 843 

6 393 

5 935 

6 469 

6 099 

7 525 

8 049 

8 572 

(338 08) 

h 300 13 

1189 8 


1203 8 

1215.6 

1226 2 

1236 3 

1251 9 

1277 1 

1327 1 

1376 9 

1427 0 

1477 4 

1528 9 

1580 7 

1633 6 


a 0 4875 

1 5915 


1 6088 

1 6230 

1 0955 

1 6471 

1 6645 

1 0915 

1 7410 

1.7859 

1 8273 

1 8658 

1 9023 

I 9366 

1 9695 


Sb 



18 74 

38 74 

58 74 

78 74 

108 74 

158 74 

258 74 

358 74 

458 74 

558 74 

658 74 

758 74 

858 74 

ISO 

V 0 0179 

8 728 


3 845 

3C63 

4 079 

4 194 

4 361 

4 635 

5 165 

5 685 

6 197 

6 705 

7 210 

7 713 

8 215 

(341 26) 

h 312 46 

1190 0 


1202 T 

1214 7 

1225 4 

1235 7 

1251 4 

1276 7 

1326 8 

1376 7 

1426 8 

1477 2 

1528 8 

1580 0 

1633 5 


8 0 4916 

1 5879 


1 b028 

1 6173 

1 6299 

1 6417 

1 6592 

1 6863 

1 7359 

1 7809 

1 £223 

1 8G08 

1 8974 

1 9317 

1 9646 


Sb 



15 66 

35 66 

55 66 

75 66 

105 60 

155 66 255 66 

355 66 

455 66 

555 66 

655 66 

755 66 

855 66 

iS6 

V 0 0179 

3 586 


3 OSO 

3 796 

3 908 

4 019 

4 181 

4 445 

4 954 

5 454 

5 947 

6 435 

6 920 

7 403 

7 885 

(344 34) 

h 315 69 

1191 3 


1201 6 

12137 

1224 5 

1235 0 

1250 8 

1276 3 

1326 5 

1376 4 

1426 6 

1477 I 

1528 7 

1580 5 

1633 4 


8 0 4956 

1 5846 


1 5973 

1 6110 

1 (>246 

1 6367 

1 6544 

1 £817 

1 7314 

1 7764 

1 8179 

1 6565 

1 8031 

1 9274 

1 9603 


Sb 



12 69 

32 69 

52 69 

72 69 

102 69 

152 69 

252 69 

352 69 

452 69 

552 69 

652 69 

752 69 

852 69 

ISO 

V 0 0180 

3 455 


3 528 

3 641 

^750 

3 857 

4 013 

4 268 

4 760 

5 242 

5 716 

6 186 

6 653 

7 117 

7 591 

(347 31) 

h 31881 

1192 0 


1200 4 

1212 7 

1223 6 

1234 3 

1250 3 

1275 8 

1326 1 

1376 1 

1426 4 

1476 9 

1528 6 

1580 4 

1633 3 


8 0 4995 

1 5815 


1 5918 

1 6068 

1 6194 

16317 

1 6496 

1 6769 

1 7267 

I 7718 

1 8134 

1 8520 

1 8887 

1 9230 

1 9550 

Sb 



9 79 

29 79 

49 79 

69 79 

99 79 

149 79 

249 79 

349 79 

449 79 

549 79 

649 79 

749 79 

840 70 

ISS 

V 0 0180 

3 333 


3 388 

3 497 

3 603 

3 707 

3 859 

4 105 

4 580 

5 04.5 

5 502 

5 955 

6 405 

6 853 

7,303 

(350 21) 

h 321 SO 

1192 7 


1199 2 

1211 7 

1222 7 

1233 6 

1249 7 

1275 4 

1325.8 

1375 9 

1426 2 

1476 8 

1528 5 

1580 3 

1633 2 


a 0 5032 

1 5784 


1 5864 

1 6015 

I 6144 

1 6269 

1 6449 

1 6724 

1.7223 

17674 

1 8090 

1 8470 

1 8843 

1.9186 

1 0515 


Sh 



0 97 

26 97 

46 97 

66 97 

96 97 

146 97 

240 97 

346 97 

446 97 

546 97 

646 97 

746 97 

846 07 

140 

V 0 0180 

3 220 


3 258 

3 364 

3 467 

3 567 

3715 

3 954 

4413 

4 863 

5 303 

5 741 

6 175 

6 607 

7 037 

(353 03) 

h 324 83 

1193 3 


1198 0 

1210 6 

1221 8 

1232 9 

1249 1 

1275 0 

1325 5 

1375 7 

1426 0 

1476 6 

1528 4 

1580 2 

1633 2 


a 0 5069 

1 5755 


1 5813 

1 5965 

1 6097 

1 6225 

16406 

1 6683 

1 7183 

1 7635 

1 8051 

1 8437 

1.8804 

19147 

1 0476 


Sh 



4 24 

24 24 

44 24 

64 24 

94 24 

144 24 

244 24 

344 24 

444 24 

544 24 

644 24 

744 24 

■844 24 

14S 

V 0 0181 

3 114 


3 136 

3 240 

3 340 

3 438 

3 581 

3 812 

4 257 

4 692 

5 119 

5 541 

5 961 

6 378 

6 704 

(335 76) 

h 327 71 

1193 9 


1196 7 

>209 5 

1220 9 

1232 2 

1248 5 

1274 5 

1325 1 

1375 4 

1425 8 

1476 5 

1528 3 

1580 1 

1633 1 


a 0 5104 

1 6726 


1 5760 

1 5014 

1 6048 

1.6178 

1 6360 

1 6638 

1 7139 

1 7592 

1 8009 

1 8396 

1 8763 

1 9106 

1 9435 


Sh 




21 57 

41 57 

61 57 

91 57 

141 57 

241 57 

341 57 

441 57 

541 57 

641 57 

741 57 

841 57 

150 

V 0 0181 

3 016 



3 124 

3 221 

3 317 

3 456 

3 681 

4 1)2 

4 533 

4 046 

5 355 

5 761 

6 164 

6 567 

(358 43) 

h 330 53 

1194 4 



1208 4 

1220 0 

1231 4 

1248 0 

1274 1 

1324.9 

1375.1 

1425 6 

1476 3 

1528 1 

1580 0 

1633 0 


a 0 5138 

1 5698 



1 5865 

1.6002 

1 0133 

1.6319 

1 6598 

) 7)01 

1 7553 

1 7070 

1 8357 

1.8724 

1 9068 

1.0307 


Sh 




18 98 

38 98 

58 98 

88.98 

138 98 

238 98 

338 98 438 98 

538 08 

638 08 

738 98 

838 08 

101 

V 0 0181 

2 921 



3015 

3 110 

3 203 

3 340 

3 558 

3 976 

4 384 

4 785 

5 181 

5 574 

5 964 

6 354 

(361 02) 

h 333 27 

1195 0 



1207 2 

1219 1 

1230 7 

1247 6 

1273 6 

1324 5 

1374 9 

1425 4 

1476 2 

15280 

1579 9 

1632 0 


a 0 5172 

1 5671 



1 5818 

1 5958 

1 6091 

1 6279 

1 6558 

1 7062 

1 7516 

1 7033 

1 8321 

18688 

1.9032 

1.0361 


8h 




16 45 

36 45 

56 45 

{6 45 

136 45 

236 45 336 45 

436 45 

636 45 

636 46 

736 45 

836 45 

150 

V 0 0182 

2 834 



2 913 

3 006 

3 097 

3 230 

3 443 

3 849 

4 245 

4 633 

5 018 

5 398 

5 777 

6 155 

(363 55) 

h 335 95 

1195 6 



1206 0 

12183 

1230 0 

1246 9 

1273 2 

1324 1 

1374 7 

1425 2 

1476 0 

1527 9 

1579 8 

1632 8 


a 0 5204 

1 5646 



1 5772 

1 5917 

1C052 

16241 

1 6522 

1.7026 

1 7482 

1 7899 

1 8287 

1.8655 

1 8990 

1.0328 


Sh » superheat, dcK F h = enthalpy, B t u per lb 

V » specific volume, cu. ft. per lb. b « entropy, B t u. per deg. F. per lb. 
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TABLF XXV 
cor 1 1 rued 

Superheated Steam — (Continued) 


AIm PreM 

o®** Tl^PERATUHe— D eohee* Farremheit 

(SrI Temp ) >\Rter Steem 400* 4J0* 440“ 440* 480* 800* 880“ 800* TOO" 800" 800“ 

!«. 0 0.82 2 702 foSf 5’oS 'J’o!? 'fsSS 'fsfz '^7?? T.?S "^4?? TstS ' 

(36C0I> »• 33^55 1195 9 1217 4 1229 3 1241 1 1251 8 1262 4 1272 8 1298 5 1323 8 1374 5 1425 0 1475 9 

A 0 5236 15619 I o874 16011 16144 1 6262 1 6376 1 6486 1 6747 1 6991 1 7448 1 7865 1.8254 ! 

nniao oat.. *31 58 181 58 231 58 331 58 431 58 531 58 ( 

2 816 2 903 2 988 3 071 3 151 3 232 3 426 3 617 3 991 4 357 4 720 

(368 42) h Ml n 1196 3 1216 5 1228 4 1240 5 1251 3 1261 8 1272 3 1298 2 1323 5 1374 2 1424 9 1475 7 

• 0 5266 1 5593 1 5832 1 5969 1 6105 1 6224 1 6337 1 6448 1 6711 1 6955 1 7412 1 7831 1 8210 

... An. BO oBn. ®*23 89 23 109 23 129 23 179 23 229 23 329 23 429 23 529 23 i 

oinlov u 2***^ 2 979 3 057 3 136 3 325 3 510 3 875 4 231 4 584 

(370 77) h M3 61 |196 7 j2»5 6 1227 6 1239 9 1250 8 1261 3 127 1 9 1297 8 1323 2 1374 0 1424 7 1475 6 

• 0 5296 1 5569 1 5793 1 5931 1 6069 1 6189 1 6302 I 6414 1 6677 1 6922 1 7380 1 7799 1 8185 

— 66 92 86 92 106 92 126 92 176 92 226 92 326 92 426 92 526 92 ( 

*** L 2.532 2 648 2 731 2 812 2 892 2 968 3 045 3 229 3 410 3 765 4 112 4 455 

(373 08) h 346 07 1197 2 1214 6 1226 8 1239 2 1250 2 1260 8 1271 5 1297 4 1322 8 1373 7 1424 5 1475 5 

■ 0 5325 1 5545 1 5751 1 5891 1 6030 1 6151 1 6265 1 6378 1 6641 1 6886 1 7345 1 7765 1 8154 

« nn.oo « 104 66 124 66 174 66 224.66 324 66 424 66 524 66 ( 

IM V 0 0183 2 466 2 570 2 651 2 731 2 809 2 884 2 958 3 139 3.315 3 661 3 999 4 333 

(3.5 34) h 348 47 1197 6 1213 7 1226 0 1238 4 1249 6 1260 3 1271 0 1297 4 1322 4 1373 4 1424 3 1475 3 

■ 0 5354 1 5522 1 5712 1 5853 I 5992 1.6115 1 6230 1 6343 I 6611 1 6853 1 7312 1 7733 1 8122 

nn.B, B *2 45 102 45 122 45 172 45 222 45 322 45 422 45 522 45 i 

ItO V 0 0183 2 404 2 496 2 576 2 654 2 731 2 804 2 877 3 053 3 225 3 563 3 893 4 218 

(377 55) h 350 83 1198 0 1212 7 1225 1 1237 7 1249 0 1259 8 1270 5 1296 6 1322 1 1373 1 1424 1 1475 2 

• 0 5382 1 5501 1 5674 1 5817 1 5959 1 6083 1 6199 16312 1 6577 1 6823 1 7282 1 7703 1 8093 

Sh 20 30 40 30 60 30 80 30 100 30 120 30 170 30 220 30 320 30 420 30 520 30 

IM V 0 0184 2 344 2 426 2 505 2 581 2 666 2 728 2 799 2 972 3 140 3 470 3 791 4 109 

(379 70) h 353 13 1198 4 1211 7 1224 2 1237 0 1248 3 1259 3 1270 0 1296 2 1321 8 1372 9 1423 9 1475 0 

■ 0 5409 1 5479 1 5636 1 5780 1 5924 1 6048 1 6166 1 6279 1 6545 I 6792 1 7252 1 7673 1 8063 


1000* 1100* IfOO* 

633 99 733 99 833.99 
5 234 5 601 5 967 

1527 8 1579 7 1632.7 
1 8622 1 8966 1.9295 

631 58 731 58 831 58 
5 079 5 436 5 701 

1527 6 1579 6 1632.7 
1 8587 1 8031 1 9261 

629.23 729 23 829.23 
4 932 5 279 5 625 

1527 5 1579 5 1632.6 
1.8553 1 8897 1 9227 

626 92 726 92 826.93 
4 794 5 132 5 468 

1527.4 1579 4 1632 5 
1.8522 1 8866 1 9196 

624 66 724 66 824.66 
4 664 4 992 5.319 

1527 3 1579.3 1632.4 
1 8491 1 8835 1.9165 

622 45 722 45 822 45 
4 540 4 860 5 170 

1527.1 1579 2 1632.3 
1 8461 1 8806 1 9136 

620 30 720 30 820 30 
4 423 4 735 5 046 

1527 0 1579 1 1632 2 
1.8433 1.8777 1 9107 


5®*® 08 18 118 18 168 18 218 18 318 18 418 18 518 18 618 18 718 18 81818 

too V 0 0184 2 288 2 360 2 437 2 512 2 585 2 656 2 726 2 895 3 059 3 381 3 697 4 005 4 311 4 616 4 919 

(38182) h 35540 11987 1210 8 1223 7 12363 1247 9 12587 1269 4 1295 6 13214 13726 1423 9 14749 1526 6 1579 0 1632.1 

* 0 5436 1 5457 1 5599 1 5748 1 5889 1 6017 1 6133 1 6245 1.65U 1 6761 1.7221 1 7646 1 8036 1.8402 1.8749 1 9079 


8h 16 11 36 11 56 11 76 11 96 11 116 11 166 11 216 11 316 11 416 11 516 11 616 11 716 11 816.11 

•08 V 0 0184 2 235 2 297 2 372 2 446 2 518 2 587 2 656 2 821 2 982 8 297 3 604 3 906 4 205 4 502 4 798 

(383 89) h 357 61 1199 0 1209 7 1222 5 1235 4 1247 1 1258 2 1269 0 1205 4 1321 0 1372 4 1423 5 1474 7 1526 8 1578 9 1632 1 

■ 0 5462 1 5436 1 5562 1 5709 1 5854 1 5983 1 6102 1 6216 1 6484 1 6731 1 7194 1 7616 1.8007 1.8377 1.8722 k,9052 

Sh 14 07 34 07 64 07 74 07 94 07 114 07 164 07 214 07 314 07 414 07 514 07 614 07 714 07 814 01 

ti8 V 0 0184 2 183 2 237 2 311 2 3S4 2 454 2 522 2 589 2 751 2 909 3 216 3 516 3 812 4 104 4 395 4 68! 

(885 93) h 359 80 1199 4 1208 8 1221 8 1234 7 1246 5 1257 7 1268 5 1295 0 1320 7 1372 1 1423 3 1474 6 1526 6 J578 8 1632 ( 

■ 0 5488 1.5417 1 5527 1 5676 1 5821 1 5951 1 6071 1 6185 1 6454 1 6702 1 7165 1 7588 1 7980 1 8349 1 8695 1.902{ 

8h 12 07 32 07 52 07 72 07 92 07 112 07 162 07 212 07 312 07 412.07 612 07 612 07 712 07 812 01 

tit V 0 0185 2 134 2 179 2 252 2 324 2 393 2 460 2 526 2 685 2 839 3 140 3 433 3 722 4 008 4 292 4 57( 

(387.93) h 361 95 1199 6 1207 8 1221 0 1234 0 1245 9 1257 2 1268 0 1204 6 1320 4 1371 9 1423 1 1474 4 1526 5 1578 7 1631 1 

■ 0.5513 1.5395 1.5401 1 5643 1 .’>789 1 5020 16042 1 6156 1 6426 1.6675 1 7139 1 7562 1 7954 1 8324 1.8670 l.900( 

Sh ion 30 11 50 11 70 11 00 11 110 11 160 11 210 11 310 11 410 11 510 11 610 11 710 11 810 1' 

tt* V 0 0185 2 086 2 124 2 196 2 267 2 335 2 400 2 465 2 621 2.772 3 067 3 354 3 637 3 916 4 193 4 461 

(389.89) h 364 05 11999 1206 8 1220 1 1233 2 1245 2 1256 7 1267 5 1294 1 1320 0 1371 6 1422 9 1474 2 1526 4 1578 6 16311 

■ 0 5538 1.5376 1 5457 15610 1 5757 1 5889 1 6013 1 6127 1 6307 1 6647 1 7112 1 7536 1 7928 1 8298 1 8644 1.897< 

Sh 8 19 28 19 48 19 68 19 88 19 108 19 158 19 208 19 308 19 408 19 508 19 608 19 708 19 808.1' 

ttt V 0 0185 2 042 2 072 2 142 2^12 2 279 2 344 2 407 2 560 2 708 2 997 3 278 3 555 3 828 4 100 4 36' 

(39181) h 366 11 1200 2 1205 8 1219 2 1232 3 1244 5 1250 2 1267 1 1293 7 13196 1371 4 1422 7 1474 1 1526 3 1578 5 1631 

• 0 5562 1 5358 I 5423 1 5577 1 5724 1 5858 1 5984 1 6099 I 6369 1 6619 1 7086 1 7510 1 7902 1 8272 1 8618 I 894 

Sh 6 30 26 30 46 30 66 30 86 30 106 30 156 30 206 30 306 30 406 30 506 30 606 30 706 30 806 3 

tS8 V 0 0186 1 9989 2 021 2 091 2 160 2 226 2 289 2 352 2 502 2 647 2 930 3 205 3 477 3 744 4 010 4.27 

(893 70) h 368 16 1200 4 1204 9 1218 3 1231 6 1243 8 1255 6 1266 7 1293 3 1319 3 1371 1 1422 5 1474 0 1526 2 1578 4 1631. 

■ 0 5585 1 5337 1 5300 1 5514 1 5693 1 5827 1 59)4 1 6071 1 6341 1 6592 1 7059 1 7484 1 7877 1 8247 1.8593 1.892 

Sh 4 44 24 44 44 44 64 44 84 44 104 44 154 44 204 44 304 44 404 44 504 44 604 44 704 44 804 4 

tit V 0 0186 1 9573 1 973 2 042 2 110 2 175 2 237 2 298 2 446 2 589 2 866 3 136 3 402 3 664 3.924 4 18 

(895.56) h 370 17 1200 7 1203 9 1217 5 1230 8 1243 2 1255 0 1266 2 1292 9 1319 0 1370 9 1422 3 1473 8 1526 0 1578 3 1631. 

■ 0 5609 1 5320 1 5357 1 5513 1 5662 1 5798 1 5925 1 6043 1.6314 1.6566 1.7034 1 7459 1 7852 1 8222 1.8568 1 889 


846 V 0 0186 1 9176 
(897 40) h 372 16 1200 9 
■ 0 5632 1.5301 


84t V 0.0186 1 8797 
(899 20) h 374 11 1201 I 
■ 0 5654 1 5283 


22 60 42 60 62 60 82 60 102 60 152 60 202 60 302 60 402 60 602 60 602 60 702 60 802.6 

1 995 2 062 2 126 2 187 2 247 2 392 2 532 2 805 3 069 3 330 3 586 3 841 4 09 

1216 6 1230 0 1242 5 1254 4 1265 7 1292 5 1318 8 1370 5 1422 1 1473 6 1525 9 1578 2 1631 

1.5482 1 5633 1 5770 1 5898 1.6017 1 6289 1 6541 1 7009 1 7435 1.7828 1 8199 1.8545 1.887 

20 80 40 80 60 80 80 80 100 80 150 80 200 80 300 80 400 80 500 80 600 80 700 80 800 8 

1 950 2 015 2 078 2 139 2 103 2 341 2 479 2 746 3 006 3 261 3 513 3 762 4.01 

1215 6 1229 1 1241 8 1253 8 1265 2 1292 0 1318 3 1370 3 1421 9 1473 5 1525 8 1578 1 1631 

1 5450 1 5602 1 5742 1 5871 1 5991 1 6263 1 6517 1 6985 1 7411 1 7805 1 8176 1 8522 1 885 


Sh ■« superheat, deg. F. 

V ■■ specific volume, cu. ft. per lb. 


« enthalpy, B t u per lb 
' entropy, B t.u per deg. F. per lb. 
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TABLE XXV 
cert: rueB 


Superheated Steam — (Continued) 


Abfl Preas. 

Lb/Sq In Sat 
[Sat Temp ) Water 

Sat 

Steam 

Temperature- 

430 ° 440 ® 

—Degrees Fahrenheit 

440 ® 450 ® 500 ° 530 ® 

550 ® 

600 ® 

700 ® 

800 ® 

• 00 ® 

1000 ® 

1100 ® 

1 » 00 “ 






39 03 

59 03 

79 03 

99 03 

119 03 

149 03 

199 03 

299 03 

399 03 

400 03 

509 03 

699 03 

709 03 






1 9711 

2 0334 

2 0932 

2 1515 

2 2085 

2 2920 

2 4272 

2 6897 

2 9444 

3 1949 

3 4416 

3 6867 

3 9299 




1201 4 

1214 6 

1228 3 

1241 0 

1253 2 

1264 7 

1274 5 

1291 6 

1317 9 

1370 0 

1421 7 

1473 3 

1525 6 

1578 0 

1631 3 


8 

0 5677 

1 5267 

1 5419 

1 5573 

1 5713 

1 5844 

1 5965 

1 6066 

1 6238 

1 6492 

1 6961 

1 7388 

1.7782 

1 8153 

1 8500 

1 8831 





17 29 

37 29 

57 29 

77 29 

97 29 

117 29 

147 29 

197 29 

297 29 

397 29 

497 29 

597 29 

697 29 

797 29 



0 0187 

1 8079 

1 8686 

1 9286 

1 9899 

2 0489 

2 1065 

2 1626 

2 2447 

2 3776 

2 6354 

2 8855 

3 1313 

3 3733 

3 6106 

3 8524 




1201 6 

1213 7 

1227 5 

1240 3 

1252 6 

1264 2 

1274 2 

1291 2 

1317 5 

1369 8 

1421 5 

1473 2 

1525 5 

1577 9 

1631 2 

(40“ ' 

a 

0 5698 

1^5249 

1 5388 

1 5543 

1 5684 

1 5816 

1 5938 

1 6041 

1 6212 

1 6466 

1 6937 

1 7364 

1 7759 

1 8130 

1 8477 

1 8808 





15 57 

35 57 

55 57 

75 57 

95 57 

115 57 

145 57 

195 57 

295 57 

395 57 

495 57 

595 57 

695 57 

795 57 



0 0187 

1 7742 

1 8246 

1 8876 

1 9482 

2 0063 

2 0631 

2 1185 

2 1991 

2 3299 

2 5833 

2 8289 

3 0701 

3 3077 

3 5437 

3 7778 

(404 43} 

h 

379 78 

1201 8 

1212 8 

1226 6 

1239 5 

1252 0 

1263 6 

1273 8 

1290 8 

1317 1 

1369 5 

1421 3 

1473 0 

1525 4 

1577 8 

1631 1 

s 

0 5720 

1 5233 

1 5359 

1 5514 

1.5656 

1 5790 

1 5912 

1 6017 

1 6188 

1 6442 

1 6914 

1 7342 

1 7737 

1 8109 

1 8456 

1 8787 


Sh 



13 88 

33 88 

53 88 

73 88 

93 88 

113 88 

143 88 

193 88 

293 88 

393 88 

493 88 

503 88 

693 88 

793 88 

ISB 


0 0187 

1 7416 

1 7858 

1 8481 

1 9080 

1 9654 

2 0213 

2 0759 

2 1554 

2 2840 

2 5331 

2 7744 

3 0114 

3 2446 

3 4761 

3 7061 

(406 12) 

h 

381 62 

1202 0 

1211 9 

1225 7 

1238 7 

1251 2 

1263 0 

12/3 4 

1290 4 

1318 8 

1369 3 

1421 1 

1472 9 

1525 3 

1577 7 

1631 1 

8 

0 5741 

1 5217 

1 5330 

1 5485 

1 5628 

1 5762 

1 5J86 

1 5993 

1 6164 

1 6419 

1 6892 

1 7320 

1 7715 

1 8087 

1 8434 

1 8765 


Sh 



12 21 

32 21 

52 21 

72 21 

92 21 

112 21 

142 21 

192 21 

292 21 

392 21 

492 21 

592 21 

692 21 

792 21 

170 


0 0188 

1 7101 

1 7486 

1 8101 

1 8692 

1 9259 

1 9810 

2 0350 

2 1131 

2 2399 

2 4847 

2 7219 

2 9548 

3 1838 

3 4112 

3 0370 


h 

383 43 

1202 2 

1211 0 

1224 9 

1238 0 

1250 6 

1262 5 

1273 0 

1290 0 

1316 4 

1369 0 

1420 9 

1472 7 

1525 1 

1677 6 

1631 0 


a 

0 5761 

1.5200 

1 5301 

1 5457 

1 5601 

1 5736 

1 5861 

1 5969 

1 6140 

1 6395 

1 6869 

1 7298 

1 7693 

1 8065 

1 8413 

1 8744 


Sh 



10 56 

30 56 

50 56 

70 56 

90 56 

no 56 

140 56 

190 56 

290 56 

390 56 

490 56 

590 56 

600 56 

790 56 

ITf 


0 0188 

1.6798 

1 7127 

1 7735 

1 8318 

1 8879 

1 9422 

1 9956 

2 0725 

2 1973 

2 4382 

2 6714 

2 9002 

3 1253 

3 3486 

3 5704 

(409 44) 

h 

385 22 

1202 3 

12100 

1224 I 

1237 3 

1250 0 

1262 0 

1272 6 

1289 5 

1316 1 

1368 7 

1420 7 

1472 6 

1525 0 

1577 5 

1630 9 


a 

0 5782 

1 5183 

1 5271 

1 5429 

1 5574 

1 5711 

1 5837 

1 5946 

1 6116 

1 6373 

1 6847 

1 7277 

1 7673 

1 8045 

1 8393 

1 8724 


Sh 



8 94 

28 94 

48 94 

68 94 

88 94 

108 94 

138 94 

188 94 

288 94 

388 94 

488 94 

588 94 

688 94 

788 94 

ISO 


0 0188 

1 6504 

1 6780 

1 7381 

1 7957 

1 8512' 

* 1 9048 

1 9575 

2 0334 

2 1562 

2 3932 

2 6226 

2 8475 

3 0688 

3 2883 

3 5062 

(411.06) 

h 

386 99 

1202 5 

1209 0 

1223 2 

1236 5 

1249 4 

1261 5 

1272 2 

1289 1 

13157 

1368 5 

1420 5 

1472 4 

1524 0 

1577 4 

1630 8 


8 

0 5802 

1 5167 

1 5241 

1 5401 

1 5547 

1 5686 

1 5813 

1 5923 

1 6093 

1 6350 

1 6826 

1 256 

1 7652 

1 8024 

1 8372 

1 8703 


Sh 



7 34 

27 34 

47 34 

67 34 

87 34 

107 34 

137 34 

187 34 

287 34 

387 34 

487 34 

587 34 

687 34 

787 34 

tss 


0 0188 

1 6232 

1 6446 

1 7040 

1 7610 

1 8167 

1 8687 

1 9207 

1 9955 

2 1165 

2 3499 

2 5756 

2 7968 

3 0143 

3 2300 

3 4443 

(412 66) 

h 

388 74 

1202 7 

1208 0 

1222 3 

1235 6 

1‘248 7 

1260 9 

1271 8 

1288 6 

1315 4 

1368 2 

1420 3 

1472 2 

1524 7 

1577 3 

1630 7 



0 6822 

1 5153 

1 5214 

1 5375 

1 6521 

1 5662 

1 5790 

1 5902 

1 6071 

1 6330 

1 0800 

1 7237 

1 7633 

1 8005 

1 8353 

1 8684 


Sh 



5 76 

25 76 

45 76 

6.5 76 

85 76 

105 76 

135 76 

185 76 

285 76 

385 76 

485 76 

585 76 

685 76 

785 76 

190 


0 0189 

1 5947 

1 6122 

1 6710 

1 7273 

1 7815 

1 8338 

I 8853 

1 9590 

2 0783 

2 3080 

2 5302 

2 7478 

2 9616 

3 1738 

3 3844 

(414 24) 

h 

390 47 

1202 9 

1207 0 

1221 4 

1234 8 

1248 0 

1260 4 

1271 4 

1*288 2 

1315 0 

1367 9 

1420 1 

1472 1 

1524 6 

1577 2 

1630 6 


s 

0 5841 

1 5137 

1 5184 

1 5346 

1 5493 

1 5635 

1 5766 

1 5879 

1 6048 

1 6307 

1 6784 

1 7215 

1 7612 

1 7984 

1 8332 

1 8663 


Sh 



4 20 

24 20 

44 20 

64 20 

84 20 

104 20 

134 20 

184 20 

284 20 

384 20 

484 20 

534 20 

634 20 

784 20 

195 


0 0189 

1 5684 

1 5809 

1 6391 

1 6948 

1 7484 

1 8001 

1 8510 

1 9236 

2 0413 

2 2677 

2 4^63 

2 7004 

2 9103 

3 1195 

3 3267 

(415 80) 

h 

392 17 

1203 0 

1206 1 

1220 5 

1234 0 

1247 4 

1259 8 

1271 0 

1287 8 

1314 7 

1367 6 

1419 9 

1472 0 

1524 5 

1577 1 

1630 5 


a 

0 5861 

1 5122 

1 6157 

1 5319 

1 5467 

1 5611 

1 5742 

1 5857 

1 6026 

1 6286 

1 6763 

1 7195 

1 7593 

1 7965 

1 8313 

1 8644 


bh 



2 67 

22 67 

42 67 

62 67 

82 67 

102 67 

132 67 

182 67 

282 67 

382 67 

482 67 

582 67 

632 67 

782 67 

100 

V 

0 0189 

1 .5426 

1 5506 

1 6082 

1 6634 

1 7164 

1 7677 

1 8172 

1 8896 

2 0056 

2 2280 

2 4447 

2 6547 

2 8634 

3 0670 

3 2707 

(417 33} 

h 

393 85 

1203 2 

1205 2 

1219 5 

1233 4 

1246 6 

1259 2 

1270 5 

1287 4 

1314 4 

1367 4 

1419 7 

1471 3 

1524 4 

1577 0 

1630 4 


a 

0 5879 

•1 5107, 

4 5130 

1 5291 

1 5443 

1 5585 

1 5718 

1 5834 

1 6004 

1 6265 

1 6742 

1 7175 

1 7572 

1 7945 

1 8294 

1 8625 


SH 




19 65 

39 65 

59 65 

79 6> 

99 65 

129 65 

179 65 

279 65 

379 65 

479 65 

579 65 

679 65 

779 65 

Xsio 


0 0189 

1 4931 


1 5495 

1 6036 

1 6555 

1 7054 

1 7546 

1 8246 

1 9375 

2 1541 

2 3631 

2 5675 

2 7682 

2 9671 

3 1645 

(420 35) 

h 

397 16 

1201 5 


1217 8 

1231 5 

1245 3 

1258 0 

1269 6 

1286 4 

1313 5 

1366 9 

1419 3 

1471 5 

1521 1 

1576 8 

1630 ) 


a 

0 5917 

1 5079 


1 5240 

1 5391 

1 5539 

1 5673 

1 5793 

1 5962 

1 6224 

1 6705 

1 7138 

I 7530 

I 7909 

1 8258 

1 8500 


Sh 




16 71 

36 71 

56 71 

76 71 

96 71 

126 71 

176 71 

276 71 

376 71 

476 71 

576 71 

676 71 

776 71 

120 


0 0190 

1 4479 


1 4943 

1 5473 

1 5982 

1 6472 

1 6954 

1 7637 

1 8737 

2 0844 

2 2874 

2 4857 

2 6804 

2 8735 

3 064-3 

(423 29) 

h 

400 40 

1203 8 


12160 

1229 9 

1244 0 

1256 8 

1268 6 

1285 6 

1312 8 

1366 3 

14189 

1471 2 

1523 8 

1576 6 

1610 1 


a 

0 5953 

1.5052 


1 5189 

1 5342 

1 5494 

1 5629 

1 5751 

1 5922 

1 6185 

1 6667 

1 7102 

1 7501 

1 7874 

1 8224 

1.8550 


Sh 




13 84 

33 84 

53 84 

73 84 

93 84 

123 84 

173 84 

273 84 

373 84 

473 84 

573 84 

673 84 

773 84 

110 

V 

0 0190 

1 4048 


1 4424 

1 4944 

1 5445 

1 5925 

1 6397 

1 7064 

1 8138 

2 0189 

2 2163 

2 4090 

2 5981 

2 7855 

2 9712 

(426 16) 

h 403 56 

1204 0 


1214 1 

1228 2 

1242 5 

1255 5 

1267 6 

1284 7 

1312 1 

1365 8 

1418.4 

1470 8 

1523 6 

1576 4 

1630 0 


a 

0 5988 

1 5023 


1 5136 

1 5291 

1 5445 

1 5582 

1 5707 

1 5879 

1 6144 

1 6628 

1 7063 

1 7463 

1 7837 

1 8187 

1 8520 


Sh 




11 04 

31 04 

51 04 

71 04 

91 04 

121 04 

171 04 

271 04 

371 04 

471 04 

671 04 

671 04 

771 01 

140 

V 

00191 

1 3640 


1^935 

1 4446 

1 4936 

1 5409 

1 5872 

1 65'25 

1 7573 

1 9572 

2 1493 

2 3368 

2 5206 

2 7027 

2 8831 

(428 96) 

h 

406 65 

1204 2 


1212 2 

1226 5 

1241 0 

1254 2 

1266 6 

1283 8 

1311 4 

1365 2 

14180 

1470 5 

1523 3 

1576 2 

1629 8 


a 

0.6023 

1 4997 


1 5086 

1 5243 

1 5399 

1 5538 

1 6666 

1 5839 

1 6106 

1 6591 

1 7027 

1 7428 

1 7802 

1 8152 

1 8485 


Sh 




8 29 

28 29 

48 29 

68 29 

88 29 

118 29 

168 29 

268 29 

368 29 

468 29 

568 29 

66S 29 

768 29 

110 

V 

00191 

1 3255 


1 3472 

1 3976 

1 4460 

1 4923 

1 5377 

1 6016 

1 7041 

1 8991 

2 0863 

2 2687 

2 4475 

2 6249 

2 8000 

(431.71) 

h 

409 70 

1204 4 


12103 

1224 8 

1239 5 

1252 9 

1265 5 

1282 9 

1310 6 

1364 7 

1417 6 

1470 2 

1.523 0 

1676 0 

1629 0 


a 

0.6057 

1.4972 


1 6038 

1 5197 

1 5355 

1 5496 

1 6626 

1.5801 

1 6069 

1.6536 

1 6993 

1.7395 

1 7769 

1 8120 

1 8453 


8b 




5 61 

25 61 

45 61 

65^1 

86 61 

11561 

165 61 

265 61 

365 61 

465 01 

565 61 

665 61 

705 61 

IM 

V 

0 0192 

1 2889 


1 3035 

1 3532 

1 4008 

1 4463 

1 4909 

1 5536 

1 6538 

1 8441 

2 0266 

2 2044 

2 3784 

2 5506 

2 7213 

(434 39) 

h 412 67 

1204 5 


1208 6 

1223 1 

1238 0 

1251 5 

1264 5 

1282 0 

1309 9 

1364 1 

1417 2 

1469 9 

1522 8 

1575 8 

1629 4 


9 0.6060 

1.4946 


1.4991 

1 5151 

1 5311 

1 5453 

1 6687 

1 5763 

1 6033 

1 6521 

1 6060 

1 7362 

1.7737 

1 8088 

1.8421 


Sh = superheat, deg F h »= enthalpy, B t u per lb 

V =» speciho volume, cu. ft. per lb. s *» entropy, B.t.u. per deg. F. per lb. 
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TABLE XXV 

cor tinued 


Superheated Steam — (Continued) 


Abs Press. 

Lb /Sq In. Sst. 
Sat. Temp ) Water 

Sat 

Steam 

TEMPERATtrttB 

4600 4800 

— Degrees Fahrenheit 

BOO” SaO” 840” 860” 

880” 

800” 

TOO” 

800” 

too” 

1000” 

1100” 

1100* 


8h 


22 99 

42 99 

62 99 

82 99 

102 90 

122 99 

142 99 

162 99 

262 69 

362 99 

462 99 

562 99 

662 99 

762 99 

no 

V 0 0192 

1 2545 

1 3111 

1 3579 

1 4028 

1 4466 

1 4881 

1 5286 

1 5675 

1 6063 

1 7921 

1 9703 

2 1435 

2 3131 

2 4809 

2 6471 

(437.01) 

h 415 58 

1204 6 

1221 4 

1236 5 

1250 2 

1263 4 

1275 2 

1286 7 

1298 3 

1309 1 

1363 6 

1416 8 

1469 6 

1522 5 

1575 6 

1629 2 


S 0 6122 

1 4921 

1 5106 

1 5268 

1 5412 

1 6548 

1 5667 

1 5781 

1 5894 

1 5997 

1 6488 

1 6928 

1 7331 

1 7706 

1 8058 

1 839) 


6h 


20 41 

40 41 

60 41 

80 41 

100 41 

120 41 

140 41 

16041 

260 41 

360 41 

460 41 

560 41 

660 41 

760 41 

tto 

V 0 0193 

1 2217 

1 2711 

1 3173 

1 3614 

1 4045 

1 4452 

1 4850 

1 5232 

1 6612 

1 7428 

1 9168 

2 0.S59 

2 2512 

2 4148 

2 5768 

(439.59) 

h 418 45 

1204 7 

1219 8 

1235 0 

1248 8 

1262 3 

1274 2 

1286 0 

1297 5 

1308 4 

1363 0 

1416 4 

1469 2 

1522 2 

1575 4 

1629 1 


s 0 6154 

1 4897 

1 5063 

1 5226 

1 5371 

1 5510 

1 5630 

1 5747 

1 5859 

1 5963 

1 6455 

1 6896 

1 7299 

1 7675 

1 8027 

1 8361 


6h 


17 89 

37 89 

57 89 

77 89 

97 89 

117 89 

137 89 

157 89 

267 89 

357 8d 

457 89 

557 89 

657 89 

757 89 

S90 

V 0 0193 

1 1904 

1 2332 

1 2788 

1 3222 

1 3647 

1 4046 

1 4436 

1 4812 

1 5184 

1 6961 

1 8661 

2 0311 

2 1925 

2 3521 

2 5101 

442.11) 

h 421 27 

1204 8 

1218 0 

1233 4 

1247.4 

1261 2 

1273 2 

1285 1 

1296 7 

1307 7 

1362 5 

14160 

1468 9 

1522 0 

1575 2 

1628 9 


s 0 6184 

1 4872 

1 5017 

1 5183 

1 5330 

1 5472 

1 5593 

1 5711 

1 5824 

1 5929 

1 6423 

1 6865 

1 7269 

1 7646 

1 7998 

1 8332 


Sh 


15 42 

35 42 

55 42 

75 42 

95 42 

115 42 

135 42 

155 42 

255 42 

355 42 

455 42 

555 42 

655 42 

755 42 

400 

V 0 0193 

1 1609 

1 1972 

1 2422 

1 2849 

1 3269 

1 3660 

1 4042 

1 4413 

1 4777 

1 6522 

1 8179 

1 9796 

2 1367 

2 2926 

2 4475 

(444 58) 

h 424 02 

1204 0 

1216 5 

1231 6 

1245 9 

1259 9 

1272 4 

1284 3 

1295 8 

1307.0 

1362 1 

1415 5 

1468 6 

1521 5 

1574 8 

1628.8 


8 0 6215 

1.4850 

1 4977 

1 5140 

1 5290 

1 5434 

1 5561 

1 6678 

1 5790 

1 5897 

1 6393 

1 6835 

1 7240 

1 7615 

1 7968 

1 8384 


Sh 


13 00 

33 00 

53 00 

73 00 

93 00 

113 00 

133 00 

163 00 

263 00 

353 00 

453 00 

553 00 

653 00 

753 00 

410 

V 0 0104 

1 1327 

1 1628 

1 2071 

1 2494 

1 2906 

1 3291 

1 3660 

1 4033 

1 4390 

1 6095 

1 7722 

1 9297 

2 0887 

2.2359 

2 3864 

(447.00) 

h 426 74 

1205 0 

1214 6 

1230 2 

1244 5 

1258 8 

1271.2 

1283 5 

1295 1 

1306 2 

1361 4 

1415 1 

1468 3 

1521 4 

1574 8 

1628 6 


S 0 6244 

1.4828 

1.4933 

1.5101 

1 5252 

1 5399 

1 5524 

1 5646 

1 5759 

1 5865 

1 6362 

1 6806 

1 7212 

1 7589 

1 7943 

1 8277 


Sh 


10 62 

30 62 

50 62 

70 62 

00 62 

110 62 

130 62 

150 62 

250 62 

350 62 

450 62 

550 62 

650 62 

750 62 

440 

V 0 0194 

1 1058 

1 1300 

1 1738 

1 2166 

1 2561 

1 2042 

1 3312 

1 3671 

1 4021 

1 5693 

1 7286 

1 8826 

2 0332 

t 1819 

2 3290 

(449 38) 

b 429 42 

1205 0’ 

1213 0 

1228 6 

1243 1 

1257 5 

1270 2 

1282 6 

1294 3 

1305 4 

1360 8 

1414 6 

1468 0 

1521 2 

1574 6 

1628 4 


S 0 6273 

1 4805 

1 4892 

1 5060 

1 5213 

1 5361 

1 5480 

1 5612 

1 6726 

1 5832 

1 6331 

1 6776 

1 7184 

1 7561 

1 7915 

1 8249 


Bh 


8 28 

28 28 

48 28 

68 28 

88 28' 

108 28 

128 28 

148 28 

248 28 

348 28 

448 28 

548 28 

648 28 

748 28 

480 

V 0 0195 

1 0800 

1 0986 

1 1419 

1 1834 

1 2233 

1 2607 

1 2972 

1 3326 

1 3670 

1 5309 

1 6869 

1 8377 

1 9850 

2 1305 

2 2742 

(451.72) 

h 432 05 

1205 0 

1211 2 

1227 0 

1241 7 

1266 3 

1269 1 

1281 8 

1293 5 

1304 6 

1360 3 

1414 2 

1467 6 

1520 9 

1574 4 

1628 2 


■ 0.6302 

1 4782 

1 4850 

1 5020 

1 5175 

1 5326 

1 5455 

1 5581 

1 5695 

1 5801 

1 6303 

1 6748 

1.7156 

1 7534 

1 7888 

1 8222 


Sh 


5 99 

25 99 

45 99 

65 99 

85 99 

105 99 

125 99 

145 99 

245 99 

345 99 

445 99 

545 99 

645 99 

745.99 

440 

V 0 0195 

1 0554 

1 0688 

1 1116 

1 1524 

1 1918 

1 2288 

1 2648 

1 2996 

1 3334 

1 4943 

1 6472 

1 7949 

1 9390 

2 0814 

2 2220 

(454.01) 

h 434 63 

1205 0 

1209 6 

1225 3 

1240 2 

1255 0 

1268 0 

1280 9 

1292 6 

1303 9 

1359 7 

1413 8 

1467 3 

1520 6 

1574 1 

1628 0 


s 0 6330 

1 4762 

1 4812 

1 4981 

1 5138 

1 5291 

1 5422 

1 5550 

1 5664 

1 6772 

1 6275 

1 6722 

1 7130 

1 7508 

1 7862 

1 8197 


Sh 


3 73 

23 73 

43 73 

63 73 

83 73 

103 73 

123 73 

143 73 

243 73 

343 73 

443 73 

543 73 

643 73 

743 78 

440 

V 0 0195 

1 0318 

1 0401 

1 0824 

1 1230 

1 1617 

1 1982 

1 2337 

1 2681 

1 3013 

1 4593 

1.6092 

1 7639 

1 8951 

2 0345 

2 1720 

(456 27) 

b 437 18 

1205 0 

1207 9 

1223 7 

1238 7 

1253 8 

1266 9 

1280 0 

1291 8 

1303 1 

1359 1 

1413 4 

1467 0 

1520 3 

1573 9 

1627 8 


8 0 6357 

1.4739 

1.4771 

1 4941 

1 5099 

1 5255 

1 5387 

1 5617 

1 5632 

1 5740 

1 6245 

1 6694 

1 7103 

1 7481 

1.7836 

1 8171 


Sh 



21 52 

41 52 

61 52 

81 52 

101 52 

121 52 

141 52 

241 52 

341 52 

441 52 

541 52 

641 52 

741.52 

440 

V 0 0196 

1 0092 


1 0545 

1 0946 

1 1329 

1 1690 

1 2039 

1 2379 

1 2706 

1 4258 

1 5729 

1 7147 

1 8530 

1 9896 

2 1243 

(458.48) 

h 439 69 

1205 0 


1222 0 

1237 2 

1252 5 

1265 8 

1279 0 

1291 0 

1302 3 

1358 6 

14130 

1466 6 

1520 0 

1573 7 

1627 7 


8 0 6384 

1.4719 


1 4902 

1 5062 

1 5220 

1 5354 

1 5485 

1 6602 

1 5710 

1 6217 

1.6667 

1 7076 

1 7455 

1.7811 

1 8146 


Sh 



19 34 

39 34 

59 34 

79 34 

99 34 

119 34 

139 34 

239 34 

339 34 

439 34 

539 34 

639 34 

739 34 

4T0 

V 0 0196 

0 9875 


1 0278 

1 0976 

1 1053 

1 1410 

1 1755 

1 2091 

1 2412 

1 3937 

1 5381 

1 6772 

1 8127 

1 9466 

2 0785 

(460.66) 

h 442 17 

1205 0 


1220 2 

1235 7 

1251 2 

1264 7 

1278 0 

1290 0 

1301 5 

1358 0 

1412 5 

1466 3 

1519 8 

1573 5 

162/5 


8 0 6411 

1.4699 


1 4862 

1 5025 

1 5185 

1 5321 

1 6453 

1 5570 

1 5680 

1 6189 

1 6639 

1 7050 

1 7429 

1.7785 

1 8120 


Sh 



17 20 

37 20 

57 20 

77 20 

97 20 

117 20 

137 20 

237 20 

337 20 

437 20 

637 20 

637 20 

737 20 

440 

V 0 0197 

0 9668 


1 0021 

1 0416 

1 0789 

1 1141 

1 1482 

1 1813 

1 2131 

1 3630 

.1 5049 

1 6413 

1 7742 

1 9054 

2 0347 

(462 80) 

h 444 60 

1205 0 


12)86 

1234 2 

1249 9 

1263 5 

1277 0 

1289 1 

1300 8 

1357 5 

1412 1 

1466 0 

1519 5 

1573 3 

1627.3 


8 0 6436 

1 4679 


1 4825 

1 4989 

1 5151 

1 6288 

1 5422 

1 5539 

1 5650 

1 6161 

1 6612 

1 7023 

1 7402 

1 7758 

1 8093 


Sh 



15 09 

35 09 

55 09 

75 09 

95 09 

115 09 

135 09 

235 09 

335 09 

435 09 

635 09 

635 09 

735 09 

490 

V 0 0197 

0 9466 


0 9774 

1 0166 

1 0535 

1 0884 

1 1220 

1 1548 

1 1860 

1 3335 

1 4729 

1 5067 

1 7371 

1 8659 

1 9927 

(464.91) 

h 447 00 

1204 9 


1217 0 

1232 7 

1248 4 

1262 3 

1276 0 

1288 3 

1300 0 

1356 9 

1411 7 

1465 6 

1519 2 

1573 1 

1627 1 


8 0 6462 

1 4659 


1 4789 

1 4954 

1 5116 

1 5256 

1 5392 

1 5511 

1 5622 

1 6135 

1 6588 

1 6999 

1 7379 

17736 

1.8071 


Sh 



13 00 

33 00 

63 00 

73 00 

93 00 

113 00 

133 00 

233 00 

333 00 

433 00 

533 00 

633 00 

733 00 

400 

V 0.0197 

0 9274 


0 9538 

0 9926 

1 0290 

1 0636 

1 0969 

1 1292 

1 1600 

1 3051 

1 4417 

1 5735 

1 7016 

1 8280 

1.9532 

(467 00) 

b 449 40 

1204 9 


1215 3 

1231 4 

1246 6 

1261 1 

1275 0 

1287 3 

1299 3 

1356 3 

1411 2 

1465 1 

1518 8 

1572 9 

1627 3 


a 0 6488 

1.4641 


1 4752 

1 4922 

1 5079 

1 5225 

1 5363 

1 5482 

1 5596 

1 6110 

1 6564. 

, 1 6975 

1 7356 

1 7714 

1.8052 


Bh 



10 95 

30 95 

50 95 

70 95 

90 95 

110 95 

130 96 

230 95 

330 95 

430 95 

630 95 

630 95 

730 95 

410 

V 0 0198 

0 9090 


0 9310 

0 9695 

1 0056 

1 0397 

1 0727 

1 1046 

1 1350 

1 2780 

1 4127 

1.5418 

1 6675 

1 7915 

1 9135 

(469.05) 

h 451 75 

1204 8 


1213 5 

1229 6 

1245 6 

1259 9 

1274 0 

1286 6 

1298 4 

1355 7 

1410 9 

1465 0 

1518 7 

1572 6 

1626 8 


8 0 6513 

1.4621 


1 4714 

1.4883 

1 5048 

1 5192 

1 5332 

1 5454 

1.5566 

1 6082 

1 6538 

1 6951 

1 7332 

1 7689 

1 8026 


Sh 



8 93 

28 93 

48 93 

68 93 

88 93 

108 93 

128 93 

228 93 

328 93 

428 93 

528 93 

628 93 

728 93 

ftO 

V 0 0)98 

0 8912 


0 9091 

0 9472 

0 9829 

1 0169 

1 0494 

1 0810 

1 1110 

1 2619 

1 3844 

1 5113 

1 6347 

1,7565 

1 8763 

(471.07) 

h 454 07 

1204.7 


1211 8 

1228 1 

1244 2 

1258 6 

1272 9 

1285 6 

1297 6 

1365 1 

1410 4 

1464 6 

15184 

1572 4 

1626 6 


8 0 6537 

1 4601 


1 4677 

1 4849 

1 50)5 

1 5160 

1 5302 

1 5425 

1 5539 

1 6057 

1 6514 

1 6928 

1 7310 

1.7668 

1 8006 


Sh 



6 95 

26 95 

46 95 

66 95 

86 95 

106 95 

126 95 

226 95 

326 95 

426 95 

526 95 

626 95 

726 95 

440 

V 0 0199 

0 8741 


0 8879 

0.^58 

0 9612 

0.9948 

1 0269 

1 0582 

1 0878 

1 2267 

1 3671 

1 4818 

1 6031 

1 7228 

1 8402 

(473.05) 

b 456 35 

1204 6 


1210 0 

1226 5 

1342.8 

1257 3 

1271 8 

1284 8 

1296 8 

1354 6 

1410 0 

1464 3 

1518.1 

1672 2 

1626.4 


8 0 6562 

1.4584 


1 4642 

1 4816 

1 4984 

1 5130 

1 5274 

1 5400 

1 5514 

1 6035 

1 6493 

1 6908 

1 7290 

1 7648 

1 7985 


Sh as superheat, deg. F. h =■ enthalpy, B.t.u. per lb. 

•' “ nil f* IK a as nntrnnv R f u ner deir. F oer lb. 
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FUNDAKEKTALS OF POWER PLANT ENGINEERING 


TABLE XXV 
continued 

Superheated Steam — (Continued) 


Abs Press 
Lb /Sq In Sat 
(Sat Temp ) W ali 


TFMPrnATi' 

SOO° S20 


, TOO” 750“ 800“ 900" 1000“ 1100" 1*00* 

;ii 24 'tS 44 ')3 04 ‘m 84 98 104 98 124 98 174 98 224 9S 274 98 224 98 424 98 524 98 624 98 724 98 

V 0 0190 0 8570 0 9051 0 9401 0 9736 1 0054 1 OJ»>J 1.0655 1 1156 1 2025 1 2671 1 3109 1 4535 1 5727 1 0901 1 8056 

h 458 62 1204 5 12250 1241 4 1250 1 12707 1281 8 12960 1125 6 1154 0 1182 1 1409 6 1401 9 1517 8 1572 0 1626 2 

a 0 6585 1 4505 1 4781 1 4950 1 5098 1 5243 1 5370 1 5486 1 5759 1 6009 1 6246 1 6469 1 6884 1 7266 1 7625 1 7962 

Ih 23 06 43 06 63 00 83 06 10106 123 06 173 00 223 06 27106 323 06 423 06 523 06 623 06 723 06 

V 00199 0 8410 0 8851 09198 0 9530 0 9846 1 0151 1 0441 1 1112 1 1791 1 2428 1 3055 1 4262 1 5414 1 0590 1 7724 

h 460 81 1204 4 1221 4 1240 0 1254 8 12696 12829 12952 1 124 9 1353 5 1381 6 1409 2 1463 6 1517 5 15717 16260 

a 0 6609 1 4548 1 4748 1 4919 1 5068 1 5215 1 5344 1 5461 1 5735 I 5'1^7 1 6224 1 6447 1 6862 1 7244 1 7603 1 7940 

U <^i ie At ■ ie et le « 'k i le i -v i «e le 0 "ri lit lit A*y% iH Mi HI A9 1 791 1^ 


a u ouuv I ^o‘to 1 i 1 ouuo i i i i i i t ui't# i i i t # • a 

Sh 21 15 41 15 61 15 81 15 101 15 121 15 171 15 221 1.5 271 15 321 15 421 15 521 15 621 15 721 15 

6«0 V 00200 0 8253 0 8658 0 9003 0 9J3 2 0 9044 0 9947 1 0231 1 0917 1 1566 1 2193 1 2810 1 3998 1 5151 1 0289 1 7403 

(47885) h 46304 1204 3 1221 8 1238 5 1253 5 12085 1282 0 1294 4 1324 2 1352 9 1381 1 1408 7 1461 2 1517 2 1571 5 1625 8 

8 0 0632 1 4330 1 4714 1 4886 I 5038 1 5187 1 5118 1 5436 1 5711 I 5964 I 6202 1 6425 1 6841 1 7224 1 7584 1 7921 

Sh 19 27 39 27 59 27 79 27 90 27 119 27 109 27 219 27 209 27 319 27 419 27 519 27 619 27 719 27 

870 V 0 0200 0 8114 0 8472 0 8814 0 9141 0 9450 0 9749 1 0033 1 0708 1 1.148 I 1906 1 2575 1 3744 1 4879 1 5998 1 7093 

(480 73) h 463 22 1204 1 1220 2 1230 9 1252 2 1267 3 1281 0 1293 5 1323 5 1352 3 1380 6 1408 3 1402 9 1517 0 1571 3 1625 6 

8 0 6655 1 4512 1 4681 1 4853 1 5008 1 5156 1 5291 1 5410 1 5686 1 5940 1 6179 1 6403 1 6820 1 7204 1 7564 1 7901 

Sh 17 42 37 42 57 42 77 42 97 42 117 42 107 42 217 42 267 42 317 42 417 42 517 42 617 42 717 42 

S80 V 0 0201 0 7908 0 8291 0 H631 0 8956 0 9263 0 9558 0 9819 1 0506 1 1137 1 1747 1 2347 1 3498 1 4016 1 5714 1 6794 

(482 58) h 467 37 1204 0 1218 6 12.3.5 5 1250 9 1206 1 1280 0 1292 6 1 122 8 1351 6 1380 0 1407 8 1462 5 1516 7 1571 0 1625 4 

a 0 6677 1 4494 1 4G48 1 4822 1 4978 I 5128 1 5264 1 5384 1 5662 1 5910 1 6156 1 6381 1 6709 1 7183 1 7543 1 7881 

Sh 15.50 35.59 55 59 75 59 95 59 115 59 165 59 215 59 265 59 315 59 415 59 515 59 615 59 715 59 

890 V 00201 0 7831 0 8116 0 8455 0 8778 0 9082 09173 0 9053 1 0310 1 0934 1 1535 1 2128 1 3202 1 4300 1 5442 1 6505 

(484 41) h 409 50 1203 8 1217 0 1234 0 1 249 6 126 5 0 1278 9 1291 8 1322 1 1351 1 1379 5 1407 4 1462 2 1516 4 1570 8 162.5 3 

a 0 6699 1 4477 1 4616 1 4791 1 4949 1 5101 1 5236 1 5359 1 5638 1 5894 1 6134 1 6300 1 6778 1 7162 I 7522 1 7801 

Sh 13 79 33 79 53 79 7)79 93 79 113 79 103 79 213 79 263 79 313 79 413 79 513 79 613 79 713 79 

•00 V 0 0201 0 7095 0 7945 0 8284 0 860 5 0 8907 0 9194 0 9471 1 0123 1 0738 1 1332 1 1915 1 3032 1 4115 1 5179 1 6224 

(48621) h 471 59 1203 6 12150 1232 5 12483 12<i3 7 1278 1 1290 9 1321 4 1350 5 1379 0 1407 0 14018 15100 1570 5 625 0 

8 0 6721 1 44G0 1 4586 1 4760 1 4920 1 5072 1 5212 1 5334 1 5615 1 5871 1 6112 1 6339 1 6757 1 7141 1 7502 1 7841 

Sh 1201 3201 5201 7? 01 9201 11201 16201 21201 20201 31201 41201 51201 61201 71201 

•10 V 0 0202 0 7.505 0 7781 0 8120 0 8436 0 8736 0 9022 0 9296 0 9942 1 0548 1 1135 1 1708 1 2809 1.3878 1 4928 1 5964 

(487 99) h 473 67 1203 5 1213 8 12309 12469 12625 12768 12900 13206 13500 1378 5 1406 6 1461 5 15158 16703 10249 

a 0 6743 1 4444 1 4552 1 4728 1 4890 1 5044 1 5183 1 5309 1 5591 1 5850 1 6091 1 6318 1 6738 1 7123 1 7484 1 7823 

Sh 10 25 30 25 50 25 70 2.5 90 25 110 25 160 25 210 25 260 25 310 25 410 25 510 25 610 25 710 25 

•80 V 0 0202 0 7438 0 7022 0 7960 0 8275 0 8572 0 8856 0 9127 0 9705 1 0364 1 0943 1 1505 1 2598 1 3648 1 4677 1 5707 

(489 75) h 475 72 1203 3 1212 2 1229 5 1245 5 1261 3 1275 8 1289 1 1319 9 1349 3 1377 9 1400 1 1461 2 1515 5 1570 1 1624 7 

a 0 6764 1 4427 1 4520 1 4698 1 4860 1 5016 1 5157 1 5284 1 5568 1 5827 1 6008 1 6296 1 6717 1 7102 1 7464 1 7803 

Sh 8 51 28 51 48 51 68 51 88 51 108 51 158 51 208 51 258 51 308 51 408 51 608 51 608 51 708 51 

•to V 0 0202 0 7316 0 7466 0 7802 0 8117 0 8413 0 8694 0 8063 0 9595 1 0187 1 0757 1 1312 1 2387 1 3423 1 4445 1 5440 

(491 49) h 477 75 1203 1 1210 6 1227 8 1244 1 1260 1 1274 7 1288 3 1319 2 1348 7 1377 4 1405 7 1460 8 1515 2 1569 9 1624 5 

a 0 6785 1 4410 I 4488 1 4665 1 4830 I 4988 I 5130 I 5260 1 5545 1 5805 I 6047 1 6276 1 6697 1 7083 1 7445 1.7784 

Sh 6 79 26 79 46 79 66 79 86 79 106 79 156 79 200 79 256 79 306 79 406 79 506 79 606 79 706 70 

•40 V 0 02(13 0 7197 0 7317 0 7651 0 7963 0 8258 0 8537 0 8804 0 9429 1 0015 1 0578 1.1124 1 2187 1 3210 1 4213 1 5193 

(493 21) h 479 79 1202 9 1209 0 1226 3 1242 7 1258 9 1273 6 1287 4 1318 5 1348 2 1376 8 1405 2 1460 5 1515 0 1569 7 1624 3 

a 0 6806 1 4394 1 4458 1 4636 1 4802 1 4962 1 5105 1 5236 1 5523 1 5785 1 6026 1 6256 I 6678 1 7065 1 7427 1 7766 

Sh 5 10 25 10 45 10 65 10 85 10 105 10 155 10 205 10 255 10 305 10 405 10 505 10 605 10 705 10 

880 V 0 0203 0 7082 0 7171 0 7504 0 7816 0 8107 0 8384 0 8648 0 9269 0 9846 1 0404 1 0944 I 1988 1 2999 1 3987 1 4958 

(494 90) h 481 73 1202 7 1207 3 1224 8 1241 3 1257 6 1272 5 1286 5 1317 8 1347 6 1376 3 1404 7 1460 1 1514 7 1569 4 1624 1 

a 0 6826 1 4379 1 4427 1 4607 1 4774 1 4935 1 .5080 1 5213 1 5501 1 5764 1 6006 1 6236 1 6659 1 7046 1 7408 1 7748 

Sh 3 42 23 42 43 42 63 42 83 42 103 42 153 42 203 42 253 42 303 42 403 42 503 42 603 42 703 42 

880 V 0 0204 0 6969 U 7031 0 7361 0 7672 0 7962 0 8237 0 8499 0 9113 0 9686 1 0234 1 0769 1 1803 1 2797 1 3774 1 4727 

(496 58) h 483 77 1202 5 1205 7 1223 2 1240 0 1256 4 12714 1285 5 1317 1 1347 0 1375 8 1404 3 1459 7 1514 4 1569 2 16240 

a 0 6847 1 4363 1 4396 1 4576 1 4746 1 4908 1 5054 1 5188 1 5479 1 5742 1 5985 1 6216 1 6639 1 7027 1 7390 1.7730 


Sh I 77 

•70 V 0 0204 0 6861 0 6892 

(498.23) h 485 61 1202 3 1204 O 
a 0 6867 1 4349 1 4367 


880 V 0 0204 0 6757 
(499 87) h 487 64 1202 1 
a 0 6886 1 4332 


690 V 0 0205 0 6652 
(501 49) h 489 56 1201 8 
a 0 6906 1 4316 


TOO V 0 0205 0 6552 
(603 09) h 491 49 1201 6 
s 0 6025 1 4301 


21 77 41 77 61 77 81 77 101 77 151 77 ! 

0 7224 0 7531 0 7820 0 8093 0 8354 0 8963 ( 

) 1221 7 1238 7 1255 1 1270 2 1284 5 1316 3 ] 

1 4549 1 4721 1 4883 1 5030 1 5166 1 5459 ! 

20 13 40 13 60 13 80 13 100 13 150 13 ! 

0 7089 0 7397 0 7683 0 7954 0 8212 0 8814 ( 

1220 2 1237 3 1253 9 1269 1 1283 6 1315 6 

1 4519 1 4692 1 4856 1 5004 1 5142 1 5437 

18 51 38 51 58 51 78 51 98 51 148 51 1 

0 6956 0 7263 0 7549 0 7818 0 8075 0 8675 ( 

1218 5 1235 8 1252 5 1263 0 1282 7 1314 9 1 

1 4488 1 4663 1 4828 1 4978 1 5118 1 5415 1 

10 91 36 91 56 91 76 91 96 91 146 91 

0G830 0 7133 0 7419 0 7687 0 7941 0 8534 ( 

1217 1 1234 7 1251 3 1266 8 1281 9 1314 3 

1 4461 1 4638 1 4803 1 4953 1 5097 1 5396 


251 77 301 77 401 77 
1 0072 1 0599 1 1617 
1375 3 1403 9 1450 4 
1 5968 1 6200 1 6624 

i 250 13 300 13 400 13 
I 0 0912 1 0432 1 1440 
; 1374 7 1403 4 1459 0 
1 1 5947 1 6179 1 6603 

248 5! 298 51 308 51 

0 9758 1 0272 1 1267 
1374 2 1402 8 1458 7 

1 5927 1 6159 1 6586 

246 01 296 91 396 91 
. 0 9608 1 0117 1 1096 
I 1373 7 1402 5 1458 2 
; 1 5908 1 6141 I 6567 


501 77 601 77 701 71 
1 2600 1 3560 1 4501 
1514 1 1569 0 16231 
1 7012 I 7376 1 7711 

500 13 600 13 700 i: 
12408 1 3357 1 4281 
1513 8 1568 7 1623 < 
1 6992 1 7358 1 769' 

498 51 598 51 698 5 
1 2223 1 3162 1 407 
1513 6 1568 5 1623 < 
1.6975 1 7339 I 76» 

496 91 596 91 696 9 
1 2043 1 2965 1 387 
1513 4 1568 2 1623 
1 6958 1 7321 1 766 


Sh = superheat, deg F 

V specihc volume, cu ft. per lb. 


= enthalpN , F) t u per lb 
‘ entrup> , H t u per deg. F. per lb. 
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Superheated Steam — (Continued) 


Aba PreM. 

Lb /Sq In Sat Sat TEurtKATORE — Dbokfe* FABHENHriT 
(Sat. Temp ) Water Steam M0» §40“ 640“ 400“ 420“ 


I 112 99 142 99 192 99 ‘242 99 292 <>9 292 99 492 99 592 99 G92 99 

0 7H64 0 8203 0 8740 0 9250 0 974 5 10097 1 1612 12511 13383 

1293 8 1312 3 1341 0 1372 3 14013 1457 4 1512 5 1567 7 1622 7 

i 15173 15342 1 5012 15859 16094 1 6522 16913 17279 17621 


TOO® T60® 800“ 400“ 1000“ 1100“ 1400* 

" ib 12 M 32 99 52 99 72 99 92 99 112 99 142 99 192 99 242 99 292 <19 3‘)2 ‘I'l 492 99 592 99 692 99 

TM Y 0 0206 0 6314 0 6524 0 6827 0 7109 0 7373 0 7624 07 ' " - 

(507 01) b 496 2 1200 9 1212 8 1230 9 1248 0 1264 0 1‘279 1 i*?' 

a 0 6973 1.4263 1 4385 1 4568 1 4737 I 48<32 1 5036 

8b 9 17 29 17 49 17 69 17 89 17 109 17 139 17 180 17 239 17 289 17 389 17 489 17 589 17 689 17 

Tie V 0 0207 0 6091 0 6237 0 6538 0 6818 0 7080 0 7326 0 7561 0 7896 0 8419 0 8<n8 0 9399 1 0326 1 1212 1 2078 1 2928 

(510 83) b 500 8 1200 2 1208 8 1227 4 1244 9 1261 0 1276 6 1*291 4 1310 5 13415 13710 1400 2 1456 5 15118 1567 1 1622 3 

a 07019 1 42'23 1 4313 1 4501 1 4674 1 48.)0 1 4979 1 5117 1 5291 1 5564 1 5813 1 6049 1 647'J 1 6871 17237 1 7580 

8b 5 43 25 43 45 43 65 43 85 43 105 43 135 43 V85 43 215 43 285 43 385 43 485 4 1 585 43 685 43 

TTi V 0 0208 0 5882 0 5969 0 6268 0 6545 0 6803 0 7047 0 7278 0 7607 0 8119 0 8606 0 'J073 0 9'J77 1 0838 1 1676 I 2505 

(514 57) b 505 3 1199 5 1204 7 1223 7 1241 5 1258 2 1271 9 1289 0 1308 6 1340 0 1369 7 13‘J9 0 1455 6 1511 1 1566 6 1621 8 

a 07064 1.4189 1.4242 1 4434 1 4610 1 4772 1 4902 1 5062 1 5241 1 5518 15769 1 6006 1 6438 1 6832 1 7200 1 7543 


8h 


1 i 


Y 0 0209 0 5685 0 5714 
(518.20) b 509 7 1198 8 1200 3 
a 0.7108 1.4155 1 4170 

6h 

til V 0 0210 0 5500 
(621.75) b 514 0 1198 0 
a 0 7152 1 4121 

8h 

•M V 0 0210 0 5326 
(626 -23) • b 518.3 1197 2 
a 0.7194 1.4087 

Bh 

m V 0 0211 0 5162 

(528.62) b 522 4 1196 4 
a 0 7236 1.4056 

8b 

•06 V 0.0212 0 5006 

(631 94) b 526 6 1195 6 
a 0.7276 1.4022 


•tf V 0.0213 0 4858 

(535 20) b 630 6 1194 7 
a 0.7316 1.3991 

8b 

066 Y 0 0214 0 4717 
(538 38) b 534 5 1193 8 
a 0 7355 1 3960 

Sh 

•T8 Y 0 0215 0 4583 

(541 50) b 538 5 1192 9 
a 0 7393 1 3929 


lOM Y 0 0216 0 4456 
(544 56) h 542 4 1191 9 
a 0.7431 1 3899 

8b 

lOff Y 0 0217 0 4334 
(547 57) b 646.1 1191.0 
a 0.7408 1.3871 

Sh 

1*66 Y 0 0218 0 4219 
(550 52) b 550 0 1190 0 
a 0.7504 1.3839 

8b 

im V 0.0219 0 4108 
(553.42) b 553.7 1188.9 
a 0.7540 1.3810 


Itie V 0 0219 0 4003 
(556.26) b 557.4 1187.8 
a 0.7575 1.3780 

8b 

1196 Y 0 0230 0.3902 
(559.07) b 561.0 11M7 
a 0.7610 1.3752 


21 80 41 80 61 80 81 80 101 80 131 80 181 80 231 80 281 80 381 80 481 80 581 80 G81 80 

0 6013 0 6288 0 6545 0 6785 0 7013 0 7336 0 7838 0 8313 0 8770 0 %4S 1 0486 1 H02 1 2105 

1220 0 1238 2 1255 3 1271 4 1286 5 1306 8 1338 4 13()8 5 1397 8 1454 9 1510 5 1566 0 16214 

1 4369 1 4549 1 4715 1 4868 1 5009 1 5195 1 5473 1 5727 1 5964 1 6400 1 6794 17162 1 7506 

18 25 38 25 58 25 78 25 98 25 128 25 178 25 228 25 278 25 378 25 478 25 578 25 678 25 

0 5774 0 6046 0 6300 0 6539 0 6763 0 7081 0 7573 0 8038 0 8483 0 9338 1 0155 1 0<J5() 1 1727 

1216 1 1234 9 1252 1 1268 5 1284 0 1304 8 1336 8 1367 0 1396 6 1453 8 1509 7 1565 4 1620 8 

1 4304 1 4490 1 4657 1 4813 1 4958 1 5148 1 5430 1 5685 1 5925 1 0362 1 G758 1 7127 1 7471 

14 77 34 77 54 77 74 77 94 77 124 77 174 77 224 77 274 77 374 77 474 77 574 77 674 77 

0 5545 0 5817 0 6070 0 6306 0 6528 0 6841 0 7323 0 7779 0 8213 0 9048 0 9845 1 0619 1 1375 

1212 4 1231 5 1249 1 1265 7 1281 4 1302 9 1335 2 1365 7 1395 4 1452 8 1509 0 1564 8 1620 4 

] 4240 I 4429 1 4600 I 4758 1 4905 1 5101 I 5386 1 5643 1 5883 1 6321 1 6720 I 7090 I 7435 

II 38 31 38 51 38 71 38 91 38 121 38 171 38 221 38 271 38 371 38 471 38 571 38 671 38 

0 5327 0 5601 0 5851 0 6085 0 6305 0 6615 0 7087 0 7535 0 7960 0 8773 0 9554 1 0306 1 1045 

1208 4 1228 0 1246 0 1263 0 1279 0 1300 9 1333 5 1364 4 1394 2 1451 9 1508 3 1564 3 1619 9 

1 4177 1 4371 1 4.546 1 4708 1 4858 1 5058 1 5345 1 5606 1 5847 1 6287 1 6687 1 7058 1 7403 

8 06 28 06 48 06 68 06 88 06 118 06 168 06 218 06 268 06 368 06 468 06 568 06 668 06 

0 5123 0 5394 0 5644 0 5876 0 6094 0 6399 0 C8G6 0 7304 0 7720 0 8516 0 9277 I 0010 1 07>T 

12040 1224 2 1242 6 12600 1276 5 1298 6 13318 13C30 13929 1451 I 1507 8 1563 7 1619 3 

1 4106 1 4306 1 4484 1 4640 1 4803 1 5004 1 5296 1 5559 1 5801 1 6245 1 6647 1 7017 1 7362 

4 80 24 80 44 80 64 80 84 80 114 80 164 80 214 80 264 80 364 80 464 80 564 80 664 80 

0 4927 0 5199 0 5448 0 5678 0 6894 0 6196 0 6655 0 7086 0 7494 0 8272 0 9014 0 9731 1 0432 

1200 0 1220 8 1239 6 1257 0 1273 9 1296 7 1330 2 13617 13917 1450 0 1506 9 1563 1 1618 9 

1 4044 1 4250 1 4433 1 4599 1 4757 1 4965 1 5260 1 5526 1 5769 1 6214 1 6618 1 6990 1 7337 

1 62 21 62 41 62 61 62 81 62 1 1 1 62 161 62 211 62 261 02 361 62 461 62 561 62 661 62 

04741 0 5014 0 5262 0 5491 0 5705 0 6003 0 6456 0 6877 0 7277 0 8039 0 8706 0 9465 1 0148 

1195 8 1217 0 1236 4 1254 1 1271 3 1294 5 1328 5 1300 3 1390 5 1449 1 1606 1 1502 6 1618 5 

1 3980 I 4190 1 4378 1 4547 1 4708 1 49‘20 1 5220 1 5488 I 5733 1 6180 1 6584 1 6958 1 7305 

18 50 38 50 58 50 78 50 108 50 158 50 208 50 258 50 358 50 458 50 558 50 658 50 

0 4835 0 5083 0 531 1 0 5524 0 5820 0 6266 0 6080 0 7073 0 7820 0 8533 0 9214 0 988a 

1213 0 1233 0 1251 2 1268 7 1292 I 1326 7 1358 8 1389 2 1448 2 15U5 4 1562 0 1618(9 

1 4128 I 4322 1 4496 I 4659 1 4873 1 5178 1 5449 1 5695 1 6146 1 6551 .1 6926 1 7274 

15 44 35 44 55 44 75 44 105 44 155 44 205 44 255 44 355 44 455 44 555 44 655 44 

0 4665 0 4914 0 5I4I 0 5351 0 5639 0 6085 0 6492 0 6879 0 7611 0 8306 0 8974 0 9626 

1208 8 1229 4 1248 2 1265 8 1289 6 1324 9 1357 2 1388 0 1447 3 1604 7 1561 3 1617 5 

1 4066 1 4266 1 4445 1 4610 1 4827 1 5138 1 5411 1 5660 1 6113 1 6520 1 6895 1 7244 

12 43 32 43 52 43 72 43 102 43 152 43 202 43 252 43 352 43 452 43 552 43 652 43 

0 4498 0 4751 0 4978 0 5188 0 5479 0 5913 0 0314 0 6695 0 7413 0 8095 0 8746 0 9384 

1204 5 1225 9 1245 2 1263 0 1287 6 1323 1 1355 7 1386 8 1446 4 1504 1 1560 6 1617 0 

1 4004 1 4212 1 4396 1 4562 1 4787 1 5100 1 5375 1 5627 1 6082 1 6491 I 6866 1 7216 


9 48 29 48 49 48 69 48 09 48 149 46 199 48 249 48 349 48 

0 4345 0 4596 0 4822 0 5031 0 5320 0 5749 0 6143 0 6519 0 7223 

1200 5 1222 4 1241 9 1260 2 1285 1 13213 1354 2 1385 6 1445 4 

1 3942 1 4155 1 4341 I 4512 1 4739 I 5058 1 5336 1 5590 i 6047 

6 58 26 58 46 58 66 58 06 58 146 58 196 58 246 58 346 58 

0 4195 0 4446 0 4672 0 4879 0 5169 0 5592 0 5980 0 6349 0 7042 

1196 3 1218 7 1238 8 1257 2 1282 8 1319 4 1352 6 1384 1 1444 3 

1 3883 1 4100 1 4292 1 4464 1 4698 I 5020 1 5300 1 5555 1 6015 

3 74 23 74 43 74 63 74 93 74 143 74 193 74 243 74 343 74 

0 4054 0 4304 0 4530 0 4736 0 5027 0 5445 0 5828 0 6190 0 6871 

1192 3 1214 9 1235 6 1254 5 1280 6 1317 8 1351 3 1383 0 1443 6 

1 3824 1.4044 1 4241 1 4418 I 4656 1 4984 1 5267 1 5523 1 5986 

20 93 40 93 60 93 90 93 140 93 190 93 240 93 340 93 

0 4167 0 4392 0 4598 0 4883 0 5301 0 5678 0 6036 0 6706 

1211 3 1232.2 1251 5 1277 7 1315 9 1349 6 1381 7 1442 6 

1.3991 1.4190 1 4370 I 4610 1 4946 1 5231 I 5491 I 5956 


449 48 549 48 649 48 

0 7892 0 8531 0 9154 
1503 4 1560 0 1616 5 

1 6458 1 6833 1 7184 

446 58 546 58 646 58 

0 7696 0 8322 0 8933 
1502 5 1559 3 1615 9 

1 6428 I 6804 1 7156 

443 74 543 74 643 74 
0 7511 0 8125 0 8724 
1501 7 1558 7 1615 4 
16398 1 6776 1 7128 

440 93 540 93 640 93 

0 7333 0 7938 0 8624 
1500 8 1558 2 1614 9 

1 6369 1 6749 1 7101 


Sh - guperheat, deg. F. 

V tpMihc volume, ou. ft. per lb. 


enthalpy, B t u. per lb 
* entropy, B t u per deg F. per lb. 
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Superheated Steam 

(Continued) 







Aba Press 

















I.h /So 

In 

Sat 

Sat 

TEMPCRATtlRE 

— UEOREEa P Al 

HRENtieiT 









(Sat Temp ] 

1 Water 

Steam 

B80° 

600° 

6ao° 

440° 

660° 

•80° 

TOO* 

T*0* 

T80* 

aoo* 

too* 

1000* 

1100" 

laoo* 


Sh 



18 19 

38 19 

58 19 

78 19 

98 19 

118 19 

138 19 

158 19 

188 19 

238 19 

338 19 

438 19 

538 19 

638 IS 

IISO 

V 

0 0221 

0 3804 

0 4035 

0 4259 

0 4468 

0 4659 

0 4839 

0 5005 

0 5165 

0 5317 

0 5537 

0 5889 

0 6549 

0 7166 

0 7760 

0 8333 

(561.81) 

h 

564 6 

11856 

1207 4 

1 228 7 

1248 6 

1266 9 

1284 4 

1299 5 

1314 1 

1327 9 

1348 1 

1380 4 

1441 7 

1500 2 

1557 8 

1614 i 

8 

0 7644 

1 3723 

1 3934 

1 4137 

1 4323 

1 4491 

1 4649 

I 4783 

1 4910 

1 5028 

1 5197 

1 5458 

1 5926 

1 6341 

1 6723 

1 7071 


Sh 



15 46 

35 46 

55 46 

75 46 

95 46 

115 46 

135 46 

155 46 

185 46 

235 46 

335 46 

435 46 

535 46 

635 4( 

11T8 

V 

0 0222 

0 3710 

0 3911 

0 4133 

0 4339 

0 4 530 

0 4708 

0 4874 

0 5032 

0 5183 

0 5400 

0 5747 

0 6396 

0 7005 

0 7586 

0 814S 

(564 54) 

h 

568 2 

1184 4 

1203 6 

1225 4 

1245 4 

1264 6 

1281 5 

1297 3 

1312 1 

1326 1 

1346 4 

1379 0 

1440 6 

1499 4 

1557 0 

1614 ( 

a 

0 7678 

1 3694 

1 3880 

1 4088 

1 4275 

1 4451 

1 4603 

1 4743 

1 4872 

1 4991 

1 5161 

1 5425 

1 5896 

1 6313 

1 6694 

1 704t 


Sh 



12 81 

32 81 

52 81 

72 81 

92 81 

112 SI 

132 81 

152 81 

182 81 

232 81 

332 81 

432 81 

532 81 

632 81 

1300 

V 

0 0223 

0 3620 

0 3793 

0 4013 

0 4219 

0 4408 

0 4585 

0 4750 

0 4907 

0 5056 

0 5271 

0 5613 

0 6251 

0 6853 

0 7423 

0 797! 

(567 19) 

h 

571 7 

1183 2 

1 200 2 

1222 1 

1242 6 

1261 5 

1279 2 

1295 3 

1310 3 

1324 4 

1345 0 

1377 7 

1439 5 

1499 0 

1556 6 

1613 ( 


0 7712 

1 3667 

1 3831 

1 4040 

1 4232 

1 4405 

1 4565 

1 4707 

1 4838 

1 4958 

1 5131 

1 5395 

1 5867 

1 6289 

1 6671 

1 702( 


Sh 



10 18 

30 18 

50 18 

70 18 

90 18 

no 18 

130 18 

150 18 

180 18 

230 18 

330 18 

430 18 

530 18 

630 n 

1336 


0 0224 

0 3 534 

0 3669 

0 3895 

0 4102 

0 4290 

0 4466 

0 4631 

0 4786 

0 4934 

0 5146 

0 5483 

06113 

0 6702 

0 7264 

0 7801 

(669 82) 

h 

575 1 

U82 0 

1195 6 

12186 

1239 7 

1258 8 

1276 7 

1293 3 

1308 3 

1322 7 

1343 3 

1376 4 

1438 6 

1498 0 

1556 0 

1613 ( 

a 

0 7745 

1 3640 

1 3771 

1 3990 

1 4188 

1 4363 

1 4524 

1 4671 

1 4802 

1 4925 

1 5097 

1 5365 

1 5840 

1 6262 

1 6646 

1 7001 


Sh 



7 61 

27 61 

47 61 

67 61 

87 61 

107 61 

127 61 

147 61 

177 61 

227 61 

327 61 

427 61 

627 61 

627 6* 

1360 

V 

0 0225 

0 3453 

0 3549 

0 3782 

0 3991 

0 4177 

0 4354 

0 4517 

0 4672 

0 4817 

0 5027 

0 5360 

0 5980 

0 6558 

07113 

0 764' 

(572 39) 

b 

578 6 

1180 8 

1190 9 

12150 

1236 7 

1256 0 

1274 5 

1291 2 

1306 6 

1321 0 

1341 9 

1375 2 

1437 7 

1497 2 

1555 4 

1612 1 

a 

0 7777 

1 3612 

1 3710 

1 3939 

1 4142 

1 4319 

1 4486 

I 4634 

1 4768 

1 4891 

1 5066 

1 5335 

1 5813 

1 6235 

1 6620 

1 697, 


Sh 



5 07 

25 07 

45 07 

65 07 

85 07 

105 07 

125 07 

145 07 

175 07 

225 07 

325 07 

425 07 

525 07 

625 0 

13T6 

V 

0 0226 

0 3371 

0 3437 

0 3672 

0 3881 

0 4068 

0 4244 

0 4406 

0 4560 

0 4705 

0 4912 

0 5241 

0 5852 

0 6420 

0 6966 

0 7481 

(574 93) 

h 

582 0 

1179 5 

1186 5 

1211 2 

1233 5 

1253 3 

1272 0 

1289 0 

1304 6 

1319 4 

1340 3 

1373 9 

1436 7 

1496 3 

1554 7 

1612 1 

a 

0 7809 

1 3584 

1 3051 

1 3887 

1 4095 

1 4277 

1 4445 

1 4596 

1 4732 

1 4858 

1 5033 

1 5305 

1 5785 

1 6207 

1 6594 

16951 


Sh 



2 57 

22 57 

42 57 

62 57 

82 57 

102,57 

122 57 

'142 57 

172 67 

222 57 

322 57 

422 57 

522 57 

^22 5 

1300 

V 

0 0227 

0 3294 

0 3329 

0 3567 

0 3776 

0 3965 

0 4140 

0 4301 

0 4453 

0 4598 

0 4803 

0 5127 

0 5730 

0 6290 

0 6826 

0 734< 

(577 43) 

b 

585 4 

11783 

1182 0 

1207 7 

1230 3 

1250 6 

1269 6 

1287 0 

1302 8 

1317 8 

1338 9 

1372 6 

1435 8 

1495 7 

1554 2 

1611 

a 

0 7840 

1 3557 

1 3593 

1 3837 

1 4049 

1 4235 

1 4406 

1 4560 

1 4698 

1 4826 

1 5002 

1 5275 

1 6758 

1 6183 

1 6570 

1 692 


Sh 




20 11 

40 11 

60 11 

80 11 

100 11 

120 11 

, 140 11 

170 11 

220 11 

320 11 

420 11 

520 11 

620 1 

1836 


0 0228 

0 3220 


0 3463 

0 3673 

0 3863 

0 4037 

0 4200 

0 4350 

0 4493 

0 4696 

0 5016 

0 5611 

0 6162 

0 6689 

0 719 

(579 89) 

h 

588 7 

1177 0 


1203 8 

1227 0 

1247 8 

1267 0 

1285 0 

1300 8 

1315 9 

1337 3 

1371 2 

1434 8 

1494 9 

1553 4 

1611 

a 

0 7871 

1 3630 


1 378a 

1 4002 

1 4193 

1 4366 

1 4525 

1 4663 

1 4792 

1 4971 

1 5246 

1 5731 

1 6158 

1 6545 

1 690 


Sh 




17 68 

37 68 

67 68 

77 68 

97 68 

117 68 

137 68 

167 68 

217 68 

317 68 

417 68 

517 ed 

617 6 

1360 

V 

0 0229 

0 3147 


0 3363 

0 3576 

0 3766 

0 3940 

0 4105 

0 4252 

C 4393 

0 4594 

04911 

0 5497 

0 6042 

0 6559 

0 705 

(582 32) 

h 

692 1 

11758 


1200 0 

1223 8 

1245 0 

1264 6 

1283 2 

1299 1 

1314 2 

1335 8 

1370 0 

1433 8 

1494 3 

1552 8 

1610 

e 

0 7902 

1 3504 


1 3734 

1 3957 

1 4151 

1 4328 

1 4492 

1 4631 

1 4760 

1 494i 

1 5218 

1 5705 

1 6134 

1 6521 

1 688 


Sh 




15 29 

35 29 

55 29 

75 29 

95 29 

115 29 

135 29 

165 29 

215 29 

315 29 

415 29 

515 29 

615 3 

1376 


0 0230 

0 3078 


0 3266 

0 3480 

0 3670 

0 3847 

0 4007 

0 4154 

0 4295 

0 4494 

0 4808 

0 5387 

0 5922 

0 6432 

0 693 

(584 71) 

h 

595 3 

1174 5 


1195 8 

1220 2 

1242 0 

1262 1 

1280 7 

1296 8 

13123 

1334 1 

1368 6 

1432 8 

1493 2 

1552 0 

1609 

a 

0 7932 

1 3477 


1 3680 

1 3908 

1 4108 

1 4289 

1 4453 

1 4593 

1 4726 

1 4908 

1 5188 

1 5678 

1 6107 

1 6496 

1 68( 


Sh 




12 93 

32 93 

52 93 

72 93 

92 93 

112 93 

132 93 

162 93 

212 93 

312 93 

412 93 

512 93 

612 S 

1400 


0 0231 

0 3011 


0 3172 

0 3388 

0 3581 

0 3760 

0 3914 

0 4063 

0 4203 

0 4401 

0 4711 

0 5283 

0 5811 

0 6313 

0 675 

(587 07) 

h 

598 6 

1173 2 


1191 8 

1216 9 

1239 2 

1260 1 

1278 2 

1294 9 

1310 6 

1332 8 

1367 4 

1431 9 

1492 7 

1551 7 

1609 

a 

0 7963 

1 3452 


1 3629 

1 3863 

1 4068 

1 4256 

1 4416 

1 4562 

1 4696 

1 4882 

1 5162 

1 5654 

1 6086 

1 6476 

1 68: 


Sh 




10 60 

30 60 

50 60 

70 60 

90 60 

11060 

130 60 

160 60 

210 60 

310 60 

410.60 

510 60 

610 i 

1436 

V 

0 0232 

0 2947 


0 3081 

0 3297 

0 3491 

0 3668 

0 3825 

0 3972 

04112 

0 4308 

0 4616 

0 5180 

0 5701 

0 6195 

0 661 

(589 40) 

h 

601 8 

1171 S 


1187 7 

1213 2 

1236 2 

1257 2 

1275 8 

1292 9 

1308 9 

1331 1 

1366 1 

1431 0 

1491 8 

1551 0 

1609 

a 

0 7992 

1 3425 


1 3576 

1 3814 

1 4025 

1 4215 

1 4379 

1 4528 

1 4665 

1 4850 

1 5134 

1 5629 

1 6061 

1 6453 

1 681 


Sh 




8 30 

28 30 

48 30 

68 30 

88 30 

108 30 

128 30 

158 30 

208 30 

308 30 

408 30 

508 30 

6081 

1460 

V 

0 0233 

0 2885 


0 2991 

0 3211 

0 3405 

0 3580 

0 3739 

0 3885 

0 4025 

0 4220 

0 4524 

0 5082 

0 5597 

0 6083 

0 65: 

(591 70) 

h 

605 0 

1170 5 


1183 2 

1209 7 

1233 1 

1254 3 

1273 5 

1290 6 

1307 0 

1329 7 

1364 8 

1430 1 

1491 3 

1550 4 

1606 

B 

0 8022 

1 3401 


1 3521 

1 3769 

1 3984 

1 4175 

1 4345 

1 4493 

1 4634 

1 4824 

1 5108 

1 5606 

1 6041 

1 6432 

1 67' 


Sh 




6 03 

26 03 

46 03 

66 03 

86 03 

106 03 

126 03 

156 03 

206 03 

306 03 

406 03 

506 03 

606 ( 

1476 

V 

0 0234 

0 2824 


0 2903 

0 3126 

0 3318 

0 3495 

0 3654 

0 3801 

0 3939 

0 4129 

0 4435 

0 4986 

0 5493 

0 5973 

0 64 

(593 97) 

h 

608 2 

1169 1 


1178 7 

1206 2 

1229 7 

1251 5 

1271 0 

1288 8 

1305 0 

1327 4 

1363 5 

1429 1 

1490 3 

1549 8 

I60i 

a 

0 8052 

1 3375 


1 3466 

1 3723 

1 3939 

1 4135 

1 4308 

1 446^ 

1 4601 

1 4780 

1 5081 

1 5582 

1 6016 

1 6410 

1 67 


Sh 




3 80 

23 80 

43 80 

63 80 

83 80 

103 80 

123 80 

153 80 

203 80 

303 80 

403 80 

503 80 

603 

1600 

V 

0 0235 

0 2765 


0 2817 

0 3044 

0 3236 

0 3413 

0 3573 

0 3721 

0 3856 

0 4042 

0 4349 

0 4894 

0 5396 

0 5869 

0 63 

(596 20) 

h 

611 4 

1167 7 


1174 2 

1202 5 

1226 4 

1248 5 

1268 6 

1286 8 

1303 0 

1325 4 

1362 1 

1428 1 

1489 8 

1549 3 

160f 

a 

0 8081 

1.3350 


1 3411 

1 3676 

1 3895 

1 4094 

1 4272 

1 4431 

1 4569 

1 4757 

1 5054 

1 5558 

1 5905 

1 6390 

1 67 


Sh 





21 59 

41 59 

61 59 

81 59 

lOl 59 

121 59 

151 59 

201 59 

301 59 

401 59 

501 59 

601 

1136 

V 

0 0236 

0 2708 



0 2962 

0 3158 

0 3335 

0 3495 

0 3642 

0 3777 

0 3965 

0 4265 

0 4804 

0 5299 

0 5766 

0 62 

(598 41) 

h 

614 5 

1166 2 



1198 6 

1223 5 

1245 8 

1266 2 

1284 7 

1301 2 

1324 1 

1360 7 

1427 0 

1488 9 

1548 6 

160^ 


a 

0 8109 

1 3323 



1 3626 

1 3855 

1 4055 

1 4236 

1 4397 

1 4538 

1 4730 

1 5026 

1 5532 

1 5971 

1 6367 

1 67 


Sh 





19 41 

39 41 

59 41 

79 41 

99 41 

11941 

149 41 

199 41 

299 41 

399 41 

499 41 

599 

1660 


0 0237 

0 2053 



0 2883 

0 3084 

0 3261 

0 3420 

0 3567 

0 3702 

0 3891 

0 4185 

0 4719 

0 5208 

0 5669 

o.ei 

(600 59) 

b 

617 7 

1164 g 



1194 5 

1220 5 

1243 3 

1264 0 

1282 7 

1299 6 

1323 0 

1359 4 

1426 2 

1488 3 

1548.3 

160; 


a 

0 8138 

I 3298 



1 3576 

1 3814 

! 4020 

1 4203 

1 4365 

1 4510 

1 4706 

1 5001 

1 5511 

1 5951 

1 6348 

1 67 



Sh = 

= supei 

})eat, 1 

deK F 





h *= enthalpy, B t 

u per 

lb. 






V = 

= specihc volume, cu ft. per Ib 



a *« entropy, B t.u. per deg F 

per lb. 
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TABLE XXV 
con ti nued 

Superheated Steam — (Continued) 


Abs Press 

Lb /8q In Sst 
(Sst Temp ) Water 

Sat 

Steam 

T EMPBI 

680° 

KATURK- 

640^ 

— Deori 

660° 

EBB Fas 

680° 

"too"** 

\io° 

740° 

TM“ 

T80° 

800° 

•00° 

1000° 

1100° 

1300* 


8h 



17 26 

37 26 

57 26 

77 26 

97 26 

117 26 

137 26 

157 26 

177 26 

197 26 

297 26 

397 26 

497 26 

597 26 

18TI 


0 0238 

0 2599 

0 2804 

0 3008 

0 3186 

0 3345 

0 3492 

0 3627 

0 3755 

0 3877 

0 3993 

0 4105 

0 4633 

0 5117 

0 5573 

0 6010 


b 

620 8 

1163 4 

1190 3 

1216 9 

1240 3 

1261 3 

1280 5 

1297 6 

1313 5 

1328 8 

1343 5 

1357 8 

1424 9 

1487 3 

1547 4 

1606 2 


s 

0 8166 

1 3273 

1 3524 

1,3768 

1 3979 

1 4165 

1 4332 

1 4478 

1 4612 

1 4738 

1 4858 

1 4972 

1 6485 

1 5927 

1 6325 

1 6691 


8h 



15 13 

35 13 

55 13 

75 13 

95 13 

115 13 

135 13 

155 13 

175 13 

195 13 

295 13 

395 1.3 

495 13 

595 13 



0 0239 

0 2548 

0 2730 

0 2935 

0 3114 

0 3274 

0 3421 

0 3555 

0 3682 

0 3802 

0 3919 

0 4031 

0 4554 

0 5032 

0 5482 

0 5914 

(604 87) 

h 

623 9 

1161 9 

1186 3 

1213 7 

1237 6 

1258 9 

1278 4 

1295 7 

1311 8 

1327 3 

1342 2 

1356 7 

1424 1 

1486 8 

1547 0 

1605 8 

e 

0 8195 

1 3249 

1 3477 

1 3728 

1 3943 

1 4132 

1 4302 

1 4449 

1 4585 

1 4713 

1 4834 

1 4950 

1 5465 

1 5909 

1 6308 

1 6674 


8h 



13 03 

33 03 

53 03 

73 03 

93 03 

113 03 

133 03 

153 03 

173 03 

193 03 

293 03 

393 03 

493 03 

593 03 



0 0240 

0 2407 

0 2656 

0 2864 

0 3044 

0 3203 

0 3348 

0 3484 

0 3610 

0 3729 

0 3845 

0 3957 

0 4474 

0 4948 

0 5.391 

0 5816 


b 

627 0 

1160 4 

1182 1 

1210 2 

1234 5 

1256 2 

1275 9 

1293 5 

13100 

1325 5 

1340 6 

1355 2 

1423 0 

1486 0 

1546 3 

1603 2 


s 

0 8222 

1 3223 

I 3425 

1 3683 

1 3902 

1 4094 

1 4266 

1 4416 

1 4655 

1 4683 

1 4806 

1 4923 

1 5440 

1 5887 

1 6287 

1 6652 





10 95 

30 95 

50 95 

70 95 

90 95 

110 95 

130 95 

150 95 

170 95 

190 95 

290 95 

390 95 

490 95 

590 95 



0 0241 

0 2448 

0 2583 

0 2794 

0 2976 

0 3136 

0 3280 

0 3417 

0 3542 

0 3681 

0 3776 

0 3887 

0 4399 

0 4867 

0 5305 

0 5724 

(609 05) 

h 

630 0 

1158 8 

1177 6 

1206 8 

1231 7 

1253 7 

1273 6 

1291 8 

1308 4 

1324 1 

1339 3 

1354 0 

1422 1 

1485 3 

15457 

1604 7 

s 

0 8250 

1 3108 

1 3373 

1 3641 

1 3865 

1 4060 

1 4233 

1 4389 

1 4528 

1 4658 

1 4782 

1 4899 

1 5420 

1 5867 

1 6268 

1 6634 


8h 



8 90 

28 90 

48 90 

68 90 

88 90 

108 90 

128 90 

148 90 

168 90 

188 90 

288 90 

388 90 

488 90 

588 90 



0 0242 

0 2401 

0 2511 

0 2726 

0 2909 

0 3069 

0 3214 

0 3350 

0 3474 

0 3592 

0 3706 

0 3817 

0 4324 

0 4787 

0 5220 

0 5634 

(611 10) 

b 

633 1 

1157 2 

1173 1 

1203 2 

1228 7 

1251 0 

1271 5 

1289 7 

1306 4 

1322 2 

1337 5 

1352 5 

1420 9 

1484 4 

1545 0 

1604 1 


0 8278 

1 3173 

1 3321 

1 3597 

1 3827 

1 4024 

1 4203 

1 4358 

1 4499 

1 4629 

1 4764 

1 4874 

1 5396 

1 5846 

1 6248 

1 6615 


8h 



6 88 

26 88 

46 88 

66 88 

86 88 

106 88 

126 88 

146 88 

166 88 

186 88 

286 88 

386 88 

486 88 

586 88 

ITOO 


0 0343 

0 2354 

0 2441 

0 2659 

0 2844 

0 3006 

0 3152 

0 3286 

0 3411 

0 3528 

0 3641 

0 3750 

0 4254 

0 4711 

0 5139 

0 3549 

(613 13) 

h 

636 1 

1155 7 

1168 1 

1199 4 

1225 7 

1248 4 

1269 4 

1287 8 

1304 7 

1320 7 

1336 2 

1361 2 

1420 1 

1483 7 

1.544 4 

1603 9 

s 

0 8304 

1 3147 

1 3262 

1 3549 

1 3786 

1 3987 

1 4170 

1 4327 

1 4469 

1 4602 

1 4728 

1 4848 

1 5374 

1 5825 

1 6227 

1 6597 


8h 



4 87 

24 87 

44 87 

64 87 

84 87 

104 87 

124 87 

144 87 

164 87 

184 87 

284 87 

384 87 

484 87 

584 87 

ITM 


0 0244 

0 2309 

0 2384 

0 2593 

0 2780 

0 2943 

0 3088 

0 3222 

0 3346 

0 3463 

0 3575 

0 3684 

0 4183 

0 4636 

0 5058 

0.5464 

(615 13) 

h 

639 1 

1154 1 

1165 2 

1195 6 

1222 4 

1245 8 

1266 8 

1285 5 

1302 7 

1318 9 

1334 5 

1349 5 

14190 

1482 9 

1543 7 

1603 4 

e 

0 8332 

1 3123 

1 3226 

1 3505 

1 3747 

1 3954 

1 4136 

1 4296 

1 4441 

1 4575 

1 4702 

1 4822 

1 6352 

1 5806 

1 6208 

1 6579 


8h 



2 89 

22 89 

42 89 

62 89 

82 89 

102 89 

122 89 

142 89 

162 89 

182 89 

282 89 

382 89 

482 89 

582 89 

ITM 


0 0245 

0 2265 

0 2329 

0 2529 

0 2718 

0 2882 

0 3028 

0 3162 

0 3285 

0 3402 

0 3514 

0 3622 

0 4116 

0 4564 

0 4982 

0 5383 

(617 11) 

b 

643 1 

1152 5 

1162 0 

1191 7 

1219 2 

1243 1 

1264 5 

1283 6 

1300 9 

1317 4 

1333 1 

1348 3 

1418 1 

1481 2 

1543 3 

1603 0 


s 

0 8359 

1 3099 

1 3187 

1 3460 

1 3708 

1 3919 

1 4105 

1 4269 

1 4414 

1 4560 

1 4678 

1 4800 

1 5333 

1 5780 

1 6192 

1 6562 


8h 




20 93 

40 93 

60 93 

80 93 

100 93 

120 93 

140 93 

160 93 

IBO 93 

280 93 

380 93 

480 93 

680 93 

1776 


0 0246 

0 2222 


0 2466 

0 2657 

0 2822 

0 2968 

0 3102 

0 3225 

0 3340 

0 3452 

0 3559 

0 4049 

0 4493 

0 4906 

0 5302 

ciig 07) 

h 

645 0 

1150 9 


1187 6 

12160 

1240 4 

1262 1 

1281 5 

1299 0 

1315 5 

1331 5 

1346 8 

1416 9 

1481 3 

1542 5 

1602 3 

s 

0 8386 

1 3076 


1 3413 

1 3669 

I 3885 

1 4074 

1 4239 

1 4387 

1 4523 

1 4653 

1 4776 

1 5311 

1 5767 

1 6173 

1 6544 


8h 




19 00 

39 00 

59 00 

79 00 

99 00 

119 00 

139 00 

159 00 

179 00 

279 00 

379 00 

479 OO 

579 00 

IMO 


0 0247 

0 2180 


0 2405 

0 2598 

0 2764 

0 2912 

0 3045 

0 3168 

0 3283 

0 3393 

0 3499 

0 3986 

0 4425 

0 4834 

0 5224 

(631 00) 

b 

648 0 

1149 3 


1183 7 

1212 7 

1237 6 

1259 8 

1279 6 

1297 4 

1313 9 

1329 9 

1345 3 

1416 0 

1480 6 

1542 0 

1601 8 


s 

0 8413 

1 3051 


1 3367 

1 3628 

1 3848 

1 4041 

1 4211 

1 4360 

1 4497 

1 4627 

1 4750 

1 5290 

1 5748 

1 6155 

1 6526 


8h 




17 08 

37 08 

57 08 

77 08 

97 08 

117 08 

137 08 

157 08 

177 08 

277 08 

377 08 

477 08 

577 08 

lBi6 

▼ 

0 0248 

0 2139 


0 2345 

0 2540 

0 2708 

0 2855 

0 2991 

03112 

0 3225 

0 3336 

0 3441 

0 3924 

0 4357 

0 4763 

0 5147 

<622 92) 

h 

650 9 

1147 7 


1179 5 

1209 4 

1234 9 

1257 3 

1277 8 

1295 6 

1312 2 

1328 3 

1343 9 

1415 0 

1479 3 

1541 3 

1601 I 

B 

0 8439 

1 3028 


1 3319 

1 3589 

1 3815 

1 4009 

1 4185 

1 4334 

1 4471 

1 4602 

1 4727 

1 5270 

1 5728 

1 6137 

1 6508 


8h 




15 18 

35 18 

55 18 

75 18 

95 18 

115 18 

135 18 

155 18 

175 18 

275 18 

375 18 

475 18 

575 18 

IMO 


0 0249 

0 2099 


0 2285 

0 2482 

0 2651 

0 2799 

0 2936 

0 3056 

0 3170 

0 3279 

0 3384 

0 3863 

0 4293 

0 4695 

0 5075 

(624 82) 

h 

653 9 

11459 


1175 1 

1205 8 

1231 8 

1254 8 

1275 6 

1293 5 

1310 5 

1326 7 

1342 4 

1413 9 

1479 0 

1540 8 

1600 8 


• 

0 8465 

1 3002 


1 3269 

1 3546 

I 3776 

1 3976 

1 4154 

1 4305 

1 4445 

1 4677 

1 4703 

1 5248 

1 5710 

1 6120 

1 6492 


8h 




13 31 

33 31 

53 31 

73 31 

93 31 

113 31 

133 31 

153 31 

173 31 

273 31 

373 31 

473 31 

573 31 

1876 


0 0251 

0 2060 


0 2225 

0 2427 

0 2597 

0 2746 

0 2882 

0 3003 

0 3115 

0 3224 

0 3328 

0 3804 

0 4229 

0 4626 

0 5003 

(626 69) 

b 

656 9 

1144 2 


1170 5 

1202 3 

1229 0 

1252 3 

1273 5 

1291 8 

1308 7 

1325 2 

1340 8 

1412 9 

1478 0 

1540 2 

1600 3 

s 

0 8491 

1 2977 


1 3218 

1 3504 

1 3741 

1 3943 

1 4124 

1 4278 

1 4418 

1 4552 

1 4677 

1 5227 

1 5689 

1 6101 

1 6475 


8h 




11 45 

31 45 

51 45 

71 45 

91 45 

111 45 

131 45 

151 45 

171 45 

271 45 

371 45 

471 45 

571 45 

1600 

V 

0 0252 

0 2022 


0 2165 

0 2371 

0 2543 

0 2694 

0 2828 

0 2950 

0 3063 

0 3171 

0 3274 

0 3747 

0 4170 

0 4562 

0 4934 

(628 55) 

h 

650 9 

11424 


1165 6 

1 198 8 

1225 9 

1249 8 

1271 0 

1289 7 

1307 0 

1323 5 

1 3 (9 4 

1411 9 

1477 5 

15.39 7 

1599 8 


0 8517 

1 2951 


1 3163 

1 3462 

1 3702 

1 3910 

1 4091 

1 4249 

1 4392 

1 4526 

1 4653 

1 5207 

1 5672 

1 6084 

1 6457 


6h 




9 62 

29 62 

49 62 

69 62 

89 62 

109 62 

1 29 62 

149 62 

1 r.9 62 

269 62 

369 62 

469 62 

569 62 

1686 

V 

0 0253 

0 1985 


0 2107 

0 2317 

0 2491 

0 2642 

0 2776 

0 2898 

0 3010 

0 3118 

0 3221 

0 3690 

0 4109 

0 4497 

0.4864 

(030 38) 

h 

662 8 

1140 6 


1160 9 

1 195 0 

1223 1 

1247 3 

1268 7 

1287 7 

1305 1 

1321 8 

1337 8 

1410 7 

1476 0 

1538 9 

1599 0 



0 8543 

1 2926 


1 3111 

1 3419 

1 3667 

1 3878 

1 4061 

1 4221 

1 4364 

1 4500 

1 4628 

1 5185 

1 5652 

1 6065 

1 6438 


6h 




7 80 

27 80 

47 80 

67 80 

87 80 

107 80 

127 80 

147 80 

167 80 

267 80 

367 80 

467 80 

567 80 

16M 


0 0254 

0 1949 


0 2049 

0 2264 

0 2440 

0 2 591 

0 2726 

0 2848 

0 29(,0 

0 3067 

0 3170 

0 3636 

0 4052 

0 4436 

0 4800 

(633 20) 

b 

665 8 

1138 8 


1 1 55 8 

1191 3 

1220 0 

1244 8 

1266 5 

1285 8 

1303 4 

1320 2 

1 336 3 

1409 7 

147(> 0 

1.538 4 

1598 8 


s 

0 8569 

1 29Q1 


1 3056 

1 3376 

1 3630 

1 3846 

1 4031 

1 4194 

1 4339 

1 4476 

1 4604 

1 5165 

1 5635 

1 6048 

I 6424 


8h 




6 00 

26 00 

46 00 

66 00 

86 00 

106 00 

126 00 

146 00 

166 00 

266 00 

366 00 

466 00 

566 00 

1676 


0 0256 

0 1913 


0 1992 

0 2212 

0 2391 

0 2544 

0 2(>78 

0 2798 

0 2910 

0 3016 

0 3117 

0 3581 

0 3994 

0 4376 

0 4737 

(634 00) 

h 

668 7 

1137 0 


1150 5 

1187 5 

1217 0 

1242 4 

1264 4 

1283 6 

1301 5 

1318 3 

1334 4 

1408 4 

1475 1 

1537 8 

1598 4 

■ 

0 8595 

1 2877 


1 3000 

1 3334 

1 3595 

1 3816 

1 4004 

1 4165 

1 4313 

I 4450 

1 4579 

I 5144 

1 5617 

1 6032 

1 6409 


Sh = Buperlieiit, deK F 
V = specific volume, cu. ft. per lb. 


h = enthalpj, H t u per lb 
8 = entrop> , H t u per dcR F per lb 
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FUNDAMENTALS OF POWER PLANT ENGINEERING 

TABLE XXV 
continued 

Superheated Steam — (Continued) 


Abs Press 

Lb/Sq In Sal Sal 
(Sat Temp ) Waler Sleom 


TEMPcaATua*— DEoaEM F*h««:'*heit 

••O'* 700“ 710“ 740“ 700* 710* 


10“ SB0“ 100° 1000° 1100“ 1100“ 


1000 V 0 0257 0 1879 
(635 78) h 671 7 1135 2 
8 0 8620 I 2851 


toil 

(637 54) 


24 22 44 22 64 22 


toso 

(639 29) 


1100 

(642 73) 


111 ! 

(644 43) 


1190 

(646 11) 


1180 

(662 67) 


117f 

(654 27) 


1100 

(655 87) 


1170 

(660 55) 


1400 

(662.09) 


V 

0 0258 

0 1845 

b 

674 7 

1133 3 

• 

0 8646 

1 2826 

Sh 


0 0259 

0 1812 

h 

677 6 

1131 4 

B 

0 8671 

1 2800 

Sh 


0 0261 

0 1780 

h 

680 5 

1129 5 

• 

0 8697 

1 2776 

Sh 

V 

0 0262 

0 1748 


683 4 

1127 6 

■ 

0 8722 

1 2751 

8h 

r 

0 0263 

0 1716 

h 

686 3 

11256 

■ 

0 8747 

1 2726 

Sh 


0 0265 

01685 

h 

689 2 

1123 5 

a 0 8773 

1.2700 

Bh 

T .0 0266 

0 1655 

> 

692 0 

1121 6 

• 

0.8798 

1 2676 

Sh 

V 

0020T 

0 1626 

h 

695 0 

11194 

a 

0 8823 

1 2649 

Sh 

V 

0 0269 

0 1597 

h 

697 9 

1117 4 

a 

0 8848 

1 2625 

Sh 


0 0270 

0 1569 

h 

700 8 

11153 

a 

0 8873 

1 2599 

Sh 

V 

0 0272 

0 1542 

h 

703 8 

1113 2 

a 

0 8898 

1 2573 

Sh 


0 0274 

0 1514 

h 

706 7 

11110 

9 

0 8923 

1 2547 

Sh 

V 

0 0275 

0 1488 

h 

709 7 

1108 8 

a 

0 8948 

I 2521 

Sh 

V 

0 0277 

0 1462 

1 h 

712 6 

1106 5 

a 0 8974 

1.2495 

8h 

V 0 0278 

0 1436. 

h 

715 6 

1104 0 

a 

0 9000 

1 2467 

8h 

V 

0 0280 

0 1410 

f h 

7185 

1101 4 

a 

0 9025 

1 2438 


20 71 40 71 60 71 


18 98 38 98 58 98 


17 27 37 27 57 27 

0 1964 0 2152 0 2310 
1167 3 1200 4 1228 2 1252 2 


15 57 3 5 57 55 57 


13 89 33 89 53 89 


12 23 32 23 52 23 


8 94 

0 1727 I 
11427 

1 2852 

7 33 
0 1680 
1137 2 
1 2795 

5 73 

0 1630 
1130 8 

1 2731 

4 13 

0 1580 
1124 2 

1 2065 


27 33 


25 73 45 73 


24 13 44 13 


2 26 


22 26 

0 1766 ( 
11657 

> 1 3025 

I 21 00 
I 0 1725 I 
1161 2 

1 2980 

19 45 

0 1686 I 
1156 9 

1 2935 

17 91 

0 1646 I 
1152 2 

1 2887 


84 22 

104 22 

124 22 

144 22 

164 22 

184 22 

214 22 

0 2633 

02752 

0 2862 

0 2966 

0 3067 

0 3165 

0 3306 

1262 4 

1281 8 

1299 6 

13164 

1332 7 

1348 6 

1371 1 

1 3975 

1 4138 

1 4285 

1 4422 

1 4352 

1 4677 

1 4851 

82 46 

102 46 

122 46 

142 46 

162 46 

182 46 

2)2 46 

0 2587 

0 2707 

0 2816 

0 2919 

0 3020 

03116 

0 3257 

1260 3 

1280 1 

1297 9 

1314 8 

1331 3 

1347 1 

1370 1 

1 3947 

I 4114 

1 4261 

1 4398 

1 4530 

1 4654 

1 4832 

80 71 

100 71 

120 71 

140 71 

160 71 

180 71 

21071 

0 2541 

0 2661 

0 2769 

0 2872 

0 2972 

0 3067 

0 3208 

1257 9 

1278 0 

1295 9 

1313 0 

1329 5 

1345 3 

1368 6 

1 3916 

1 4085 

1 4233 

1 4372 

1 4504 

1 4628 

1 4808 

78 98 

98 98 

11898 

138 98 

158 98 

178 98 

208 98 

0 2494 

0 2615 

0 2724 

0 2828 

0 2927 

0 3022 

0 3161 

1255 2 

1275 7 

1294 0 

1311 5 

1328 1 

1344 0 

1367 3 

1 3884 

1 4056 

1 4208 

1 4350 

1 4483 

1 4608 

1 4788 

77 27 

97 27 

117 27 

137 27 

157 27 

177 C7 

207 27 

0 2447 

0 2568 

0 2679 

0 2783 

0 2882 

0 2977 

03114 

1252 2 

1273 0 

1292 0 

1309 6 

1326 4 

1342 6 

1.365 8 

1 3848 

1 4023 

1 4180 

1 4323 

1 4458 

1 4585 

1 4764 

75 57 

95 57 

115 57 

135 57 

155 57 

175 57 

205 57 

0 2406 

0 2527 

0 2637 

0 2739 

0 2838 

0 2933 

0 3070 

1250 2 

1271 3 

1290 2 

1307 8 

1324 8 

1341 2 

1364 7 

1 3820 

1 3994 

1 4151 

1 4294 

1 4430 

1 4559 

1 4740 

73 89 

93 89 

113 89 

133 89 

153 89 

173 89 

203 89 

0 2364 

0 2485 

0 2594 

0 2695 

0 2793 

0 2889 

0 3026 

1247 7 

1269 1 

1283 1 

1305 7 

1322 7 

1339 4 

1363 2 

1 3792 

1 3972 

1 4129 

1 4272 

1 4408 

1 4540 

1 4723 

72 23 

92 23 

112 23 

132 23 

152 23 

172 23 

202 23 

0 2321 

0 2442 

0 2552 

0 2654 

0 2752 

0 2 847 

0 2983 

1244 9 

1266 5 

1286 I 

1304 0 

1321 3 

1338 0 

1361 9 

1 3760 

1 3942 

1.4104 

1 4250 

1 4388 

1 4519 

1.4704 

70 58 

90 58 

110 58 

130 58 

150 58 

170 58 

200 58 

0 2277 

0 2399 

0 2509 

0 2612 

0 2710 

0 2804 

0 2939 

1241 8 

1263 8 

1283 6 

1302 9 

1319 5 

1336 2 

1360 3 

1 3723 

1 3907 

1 4072 

1 4229 

1 4362 

I 4494 

1 4679 

68 94 

88 94 

108 94 

128 94 

148 94 

168 94 

198 94 

0 2237 

0 2360 

0 2471 

0 2574 

0 2671 

0 2705 

0 2900 

1239 1 

1261 7 

1282 0 

1300 5 

I3IS0 

1335 2 

1359 2 

1 3693 

1 3883 

1 4051 

1 4201 

1 4341 

1 4476 

1 4661 

67 33 

87 33 

107 33 

127 33 

147 33 

167 33 

197 33 

0 2197 

0 2320 

0 2432 

0 2535 

0 2632 

0 -2726 

0 2860 

1236 5 

1259 2 

1279 8 

1298 6 

13163 

1333 5 

1357 8 

1 3661 

1 3852 

1 4022 

1 4175 

1 4317 

I 4452 

1 4640 

65 73 

85 73 

105 73 

125 73 

145 73 

1G5 73 

195 73 

0 2159 

0 2281 

0 2393 

0 2496 

0 2594 

0 2688 

0 2821 

1233 9 

1256 7 

1277 6 

1-296 8 

1314 8 

1332 1 

1356 5 

1 3630 

1 3822 

1 3995 

1 4151 

1 4295 

1 4431 

1 4G19 

64 13 

84 13 

104 13 

124 13 

144 13 

164 13 

194 13 

0 2120 

0 2241 

0 2353 

0 2457 

0 2356 

0 2649 

0 2781 

1230 9 

1253 9 

1275 0 

1294 5 

1312 9 

1330 3 

1354 9 

1 3596 

1 3790 

1 3964 

1 4123 

1 4270 

1 4407 

1 4597 

62 26 

82 26 

102 26 

122 26 

142 26 

162 26 

192 26 

0 2083 

0 2207 

0 2319 

0 2423 

0 2520 

0 2613 

0 2744 

1228 2 

1252 0 

1273 3 

1293 0 

1311 5 

1329 0 

1353 6 

1 3565 

1 3765 

1 3941 

1 4101 

1 4249 

1 4387 

1 4577 

61 00 

81 00 

101 00 

121 00 

141 00 

161 00 

191 00 

0 2046 

0 2172 

0 2285 

0 2389 

0 2484 

0 2576 

0 2706 

1 1225 2 

1249 8 

1271 7 

1291 6 

1309 8 

1327 3 

1352 1 

1 3532 

1 3739 

1 3920 

1 4082 

1 4227 

1 4365 

1 4557 

59 45 

79 45 

99 45 

1 19 45 

139 45 

159 45 

189 45 

0 2010 

0 2137 

0 2250 

0 2353 

0 2450 

0 2541 

JO 2671 

1222 4 

1247 5 

1209 5 

1289 6 

1308 3 

1325 8 

1350 8 

1 3501 

1 3712 

1 3893 

1 4057 

1 4207 

1 4344 

1 4537 

57 91 

77 91 

97 91 

117 91 

137 91 

157 91 

187 91 

0 1974 

02101 

0 2214 

0 2317 

0 2416 

0 2506 

0 2636 

1219 4 

1244 7 

1267 I 

1287 3 

1306 5 

U24 2 

1349 6 

1 1 3467 

1 3680 

1 3865 

1 4030 

1 4183 

I 4323 

1 4519 


1403 1 1472 8 1536 2 
1 6082 1 5562 1 5982 


1399 4 1468 9 1633 1 
1.4985 1 5478 1 5903 


5b4 22 
I 0 4678 
1598 6 
1 6395 

l 662 46 

0 4617 
I 1598 1 

1 6380 

560 71 

0 4556 
1597 4 

1 6362 

1 558 98 

0 4499 
1597 0 

1 6348 

557 27 
I 0 4441 

I 1596 4 
1 6330 

555 57 

0 4386 
1596 0 

1 6311 

553 89 

0 4331 
1595 3 

1 6300 

552 23 
0 4279 
1595 0 
1,6288 


250 58 350 58 450 58 550 58 

0 3151 0 3540 0 3893 0 4226 
1398 0 I4b7 9 1532 3 1594 3 

1 4962 1 5458 1 6884 1 6269 

248 94 348 94 448 94 548 94 

0 3109 0 1495 0 3847 0 4175 
1397 0 14t)7 0 1531 9 1593 7 

1 4944 1 5441 1 5871 1 6255 

247 .33 347 33 447 33 547 33 

0 1066 0 3449 0 J800 0 4 1 25 
1395 5 1465 8 1531 2 1593 1 

1 4922 1 5421 1 5854 1 6239 

245 73 34 5 73 445 73 54 5 73 
0 3026 0 3407 0 3755 0 4077 
1394 4 1465 1 1530 7 1592 8 
1.4903 I 5405 1 5839 1 6225 

244 13 344 13 444 13 544 13 

0 2986 0 3365 0 3709 0 4029 
1393 2 1464 3 1529 9 1.592 2 

1 4884 1 5388 1 58^3 1 6210 

248 26 342 26 442 26r 542 26 
0 2948 0 3324 0 3665 0 3983 
1392 1 1463 5 1529 2 1591 7 
1.4866 1 5372 1 5807 1 6196 

241 00 341 00 441 00 54 1 00 

0 2910 0 3282 0 3621 0 3936 
1.3910 14623 15283 15909 

1 4848 1 5354 1 5791 1 0180 

239 45 339 45 439 45 539 45 

0 2873 0 .1244 0 3580 0 3892 
1389 8 1401 7 1527 8 1590 4 

1 4830 1 .5340 1 5777 I 6166 

237 91 337 91 437 91 537 91 

0 2836 0 3205 0 3538 0 3848 
1388 5 1460 8 1526 9 1589 8 

1 4810 1 5323 1 ,5761 I 6152 


Sh = supeilieat, ?leK F 
V = specific volume, cu. ft. per Ib. 


: enthalpv, B t u pei lb 
entiopy, B t u pei deg F. per lb. 
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TABLE XXV 
continued 


Superheated Steam — (Concluded) 


Aba. Praw. 

Lb /So In Sat Sat. Tempkratorb — Dcqrkbs Pabrknreit 
(Sat. Temp ) Water Steam MO* TOO* TOO* TiO* TOO* Tl 


O* MO* 810* 000* too* 1000* 1100” 1800” 


8h 14 88 34 88 54 88 74 88 94 88 114 88 134 88 154 88 184 88 234 88 2M 88 334 88 434 88 534 M 

tOM ▼ 0 0283 0 1360 0 1567 0 1750 0 1902 0 2032 0 2147 0 2250 0 2347 0 2440 0 2569 0 2766 0 2954 0 3130 0,3458 0 3764 

(665 12) b 724 6 1096 3 1142 3 1181 3 1212 9 1239 5 1262 8 1283 5 1302 9 1321 4 1347 1 386 3 1423 8 1459 0 1S25 6 15M 9 

a 0 0076 1 2381 1 2787 1 3127 1 3397 1 3620 1 3813 13981 1 4136 1 4282 1 4481 1 4774 1 5045 15290 1 6732 1 6126 

Bh 11 90 31 90 51 90 71 90 91 90 111 90 131 90 151 90 181 90 231 90 281 90 331 90 431 90 531 90 

SfOO V 0 0287 0 1313 0 1488 0 1680 0 1834 0 1967 0 2083 0 2188 0 2286 0 2375 0 2503 0 2700 0 2884 0 3058 0 3381 0 3683 

( 668 . 10 ) h 730 7 1091 0 1131 9 1173 9 1206 8 1234 5 1258 6 1280 1 1299 9 1318 3 1344 2 1384 3 1421 8 1457 3 1524 2 1587 9 

a 0 9127 1 2322 1 2683 1 3048 1 3329 1 3562 1 3761 1 3936 1 4095 1 4240 1 4440 1 4740 I 6011 1 5258 1 5701 1 6097 

8h 8 97 28 97 48 97 68 97 88 97 108 97 128 97 148 97 178 97 228 97 278 97 328 97 428 97 628 97 

9816 V 0 0291 0 1264 0 1408 0 1606 0 1766 0 1902 0 2020 0 2125 0 2223 0 2315 0 2440 0 2634 0 2817 0 2989 0 3308 0 3604 

(67J03) b 738 7 1085 6 1120 0 1164 7 1199 8 1228 9 1254 0 1276 0 1296 5 1315 6 1341 5 1381 8 1419 8 1455 6 J522 9 15M 7 

B 0.9179 1 2265 1 2568 1 2957 1 3267 1 3502 1 3709 1 3888 1 4052 1 4202 1 4402 1 4704 1 4979 1 5228 1 5674 1.6070 


8h 6 09 26 09 46 09 66 09 86 09 106 09 126 09 146 09 176 09 226 09 276 09 326 09 426 09 526 09 

B600 V 0 0295 0 1219 0 1323 0 1541 0 1706 0 1842 0 1961 0 2066 0 2164 0 2256 0 2380 0 2573 0 2754 0 2924 0 3237 0 3530 

(878.91) h 743 1 1080 1 1106 0 1157 0 1194 0 1223 9 1249 7 1272 2 1293 1 1312 6 13389 1379 7 1418 1 1454 2 15216 1585 8 

a 0.9232 1 2205 1 2433 I 2877 1 3193 I 3444 1 3657 1 3840 1 4008 1 4161 1 4364 1 4670 1 4947 1 5199 I 5645 1 G044 


3 25 

t880 V 0 0300 01173 0 1235 
(876.75) h 749 5 1074 5 1090 1 
a 0 9287 1 2147 1 2284 

8h 

■TOO V 0 0305 0 1123 
(679 54) h 756 I 1068 3 
a 0 9342 1 2082 


23 25 43 25 63 25 83 25 103 25 123 25 143 25 173 25 223 25 273 25 323 25 423 25 523 25 

0 1469 0 1640 0 1782 0 1903 0 2009 0 2108 0 2200 0 2322 0 2514 0 2691 0 2859 0 3169 0 3458 

1146 8 1186 4 1218 3 1245 1 1268 3 1289 9 1309 9 1336 2 1377 5 1415 9 1452 2 1520 2 1584 7 

1 2777 1 3116 1 3384 1 3606 1 3794 1 3967 1 4125 1 4328 1 4637 1 4914 1 5167 1 5618 1 6018 


ITM V 0 0310 0 1077 
(682 28) h 763 0 1061 8 
e 0 9309 1.2010 

8h 

Itoe V 0 0316 0 1032 
(6S4 98) b 770 0 1054 6 
B 0 9458 1.1944 

Sh 

tl»0 V 0 0322 0 0986 
(667 65) h 777 5 1046 6 
a 0.9521 1 1866 

8h 

SfOO V 0 0329 0 0941 
(690 20) h 785 2 1038 1 
a 0 9580 1.1785 


SffO V 0 0337 0 0895 
(602 83) h 793 6 1028 9 
a 0 9655 1 1697 

8h 

6000 V 0 0346 0 0849 
(695 37) h 802 6 1019 3 
a 0 9731 I 1607 


tOlO V 0 0357 0 0804 
(697 84) h 812 9 1007 7 
a 0 9818 1 1501 

8b 

6100 V 0 0372 0 0752 
(700 29) h 824 6 994 0 

a 0 9916 1.1376 


tlfO V 0 0392 0 0691 
(702 69) h 841 3 976 3 

a I 0056 1.1217 


tSOO T 0 0443 0 0596 
(705 04) h 871 3 946 6 

a I 0311 1 0958 


ttOft* V 0 0641 0 0541 
(705 34) h 010 3 910 3 

a 1 0645 1 0645 


20 46 40 46 60 46 80 46 100 46 120 46 140 46 170 46 

0 1402 0 1681 0 1725 0 1846 0 1954 0 2053 0 2147 0 2269 

1137 5 1179 7 1213 0 1240 3 1264 5 1286 5 1307 2 1334 0 

1 2684 I 3045 I 3325 1 3550 1 3747 1 3923 1.4086 1 4293 

17 72 37 72 57 72 77 72 97 72 117 72 137 72 167 72 

0 1335 0 1520 0 1670 0 1794 0 1902 0 2000 0 2094 0 2215 

1127 1 1172 2 1207 4 1236 0 1260 8 1283 0 1304 2 1331 4 

1 2583 1 2969 1 3263 I 3501 1 3703 1 3881 1 4048 1 4258 


220 46 270 46 320 46 420 46 520 46 

0 2458 0 2632 0 2798 0 3105 0 3389 
1375 7 1414.0 1450 6 1519 2 1583 8 

1 460G 1.4882 1 5137 1 5592 1 5993 

217 72 267 72 317 72 417 72 517 72 
0 2402 0 2576 0 2740 0 3043 0 3322 
1373 3 1412 2 1449 2 15180 1582 8 
1.4572 14853 1 5110 1 5566 15969 


15 02 35 02 65 02 75 02 95 02 115 02 135 02 165 02 215 02 265 02 315 02 415 02 815 02 

0 1267 0 1461 0 1615 0 1741 0 1851 0 1950 0 2045 0 2166 0 2351 0 2521 0 2685 0 2983 0 3268 

11159 1164 5 1201 5 1231 3 1257 0 42798 13017 13293 1371 5 14104 1447 9 15170 1581 9 

1 2476 1 2892 1 3203 1 3449 1 3658 1 3840 1 4013 1.4226 1 4542 1 4823 1 5084 1 5542 1.5945 

12 35 32 35 52 35 72 35 92 35 112 35 132 35 162 35 212 35 262 35 312 35 412 35 512 3i 

0 1 198 0 1404 0 1563 0 1690 0 1801 0 1903 0 1995 0 2117 0 2298 0 2409 0 2629 0 2925 0 319 

1103 5 1156 6 1195 8 1226 5 1252 9 1276 9 1298 4 1326 8 1368 9 1408 7 1446 0 1615 8 J58l 

1 2339 1 2813 1 3143 1 3397 1 3611 1 3803 1 3973 1 4192 1 4507 1 4795 1 5055 1 5517 1 5923 

9 74 29 74 49 74 69 74 89 74 109 74 129 74 159 74 209 74 259 74 309 74 409 74 509 7^ 

0 1126 0 1348 0 1511 0 1641 0 1754 0 1855 0 1949 0 2069 0 2250 0 2418 0 2578 0 2870 0 313} 

1089 2 1148 3 1189 5 1221 6 1249 1 127.3 3 1295 7 1324 2 1307 1 14069 1444 8 1514 8 15805 

1 2228 1 2733 1 3080 1 3345 1 3569 1 3762 I 3939 1 4159 1 4480 1 4707 1 5032 1 5495 1 590. 

7 17 27 17 47 17 67 17 8f 17 107 17 127 17 157 17 207 17 257 17 307 17 407 17 507 11 

0 1052 0 1292 0 1460 0 1593 0 1708 0 1809 0 1902 0 2023 0 2202 0 2.369 0 2527 0 2815 0 3081 

10732 11.395 1183 1 12106 1245 1 1269 8 I**)/ 5 13217 1304 9 1405 1 144.) 2 1513 5 1579 1 

1 2080 I 2647 1 3014 1 3290 I 3522 1 3720 1 3898 1 4124 1 4448 1 4738 1 5004 1 5469 1 587‘ 

4 63 24 63 44 63 64 63 84 63 104 63 124 63 1 54 63 204 63 254 63 304 63 404 63 504 6. 
00972 0 1236 0 1410 0 11146 0 16bl 0 1763 0 1856 0 1978 02155 0 2)22 0 2478 0 2763 0 302, 
10,540 11303 11764 1211 4 12406 12o60 1289 0 13190 13625 140) 4 1441 7 1512 4 1578 < 

1 1907 1 2559 1 2947 1 3236 1 3474 1 3677 1 3858 1 4090 1 4416 1 4711 1 4978 1 5447 1 o86( 


2 16 22 16 42 16 62 16 82 16 102 16 122 16 152 16 

0 0868 0 1 183 0 1361 0 1499 0 1617 0 1719 0 1812 0 1935 

10250 1121 2 11696 12059 12363 1262 4 1285 7 1316 4 

1 1650 1 2472 1 2879 1 3179 1 3437 1 3035 1 3819 1 4056 

19 71 39 71 59 71 79 71 99 71 119 71 149 71 

0 1128 0 1312 0 1456 0 1576 0 1680 0 1771 0 1891 

1110 8 1162 4 1200 9 12)2 6 1259 4 1 >82 7 1313 4 

1 2374 1 2808 1 3126 1.3383 1 3599 1 3782 1 4019 

17 31 37 31 57 31 77 31 97 31 117 31 147 31 

0 1075 0 1266 0 1410 0 1532 0 1636 0 1729 0 1850 

1100 3 1155 3 1194 7 1227 6 12,54 9 1279 2 1310 5 

1 2276 1 2738 1 3064 1 3331 1 3550 1 3741 1 3983 

14 96 34 96 54 96 74 96 94 96 1 14 96 144 96 

0 1024 0 1217 0 1368 0 1493 0 1596 0 1087 0 1810 

1089 8 1 146 9 1189 3 1223 4 1251 1 127.5 2 1307 7 

1 2180 I 2660 1 301 1 1 3288 1 3510 I 3699 1 3950 

14 66 34 66 54 66 74 66 94 66 1 14 66 144 66 

0 1018 0 1211 0 1363 0 1488 0 1.591 Q 1682 O 1805 

1088 5 1145 8 1188 5 1222 9 1250 6 1274 8 1307 3 

1 2170 1 2652 1,3005 I 3284 I 3.506 1 3696 1 3947 


202 16 252 16 302 16 402 16 502 l< 

0 2111 0 2275 0 2431 0 2712 0 297. 

13604 14013 1440 2 1511 1 1577 ‘ 

1 4386 1 4681 1 4952 1 5422 1 583, 

199 71 249 71 299 71 399 71 499 7 

0 2068 0 2231 0 2385 0 2663 0 292 

1358 2 1399 5 1438 7 1509 9 1577 1 

1 4355 1 4653 1 4926 1 5398 1 581 

197 31 247 31 297 31 397 31 497 3 

0 2024 0 2187 0 2341 0 2615 0 287 

135.5 5 1397 5 14)7 2 15086 1576 

1 4320 1 4623 1 4900 1 5373 1 579 

194 96 244 96 294 96 394 96 494 9 

0 1985 0 2145 0 2296 0 2570 0 282 

13.53 8 1395 7 1435 2 1507 6 1575 

1 4296 1 4598 1 4874 1 „353 I 577 

194 66 244 66 294 66 394 66 494 6 

0 1980 0 2140 0 2290 0 2564 0 281 

1353 4 1395 3 1434 8 1507 3 1575 

1 4293 1 4.596 1 4872 1 5351 I 577 


* Cntioal prcaaura 

Sh =» superheat, deg F 
V »» specific volume, cu. ft. per lb. 


h ~ enthaU)\ , B t u per lb 
0 as entropy , B.t.u per deg. F. per lb. 
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A 

Air-cooled wall, 153 
Air ejector, condenser, 1C5 
capacity, 105 
characteristics, 105 
Air, Diesel engine scaven- 
ging, 286 
excess, 120 
total, 120 

Air heaters, econoinic sur- 
face, 169 

heat transfer, 166 
plate type, 166 
recuperative, 165 
regenerative, 166 
tubular, 166 
Air horsepower, 239 
Altitude, Diesel engine rat- 
ing, 291 

Analysis, coal, 117 
fuel oil, 117 
gas, 117 
proxiirate, 11/ 
ultiir.ate, ll*/ 
water, 210 

Architecture, power plant, 
273 

Arithmetic mean temperature 
difference, 96 

Ash handling, hydraulic, 233 
mechanical, 233 
Ash fusion temperature, 146 
Automatic combustion con- 
trols, 256 

6 

Babcock and Wilcox equa- 
tion, 144 

Balance, steam generator 
heat, ISl 


Barometric condenser, see 
Condenser 

Binary vapor cycle, mercury- 
steam, 63 
miscellaneous, 64 
Blading, turbine, impulse, 

74 

impulse-reaction, 75 
reaction, 74 

Block Popkirson demand rate, 
35 

Block meter rate, 34 
Boiler feed purps, see Pumps 
Boilers, economical surface, 
169 

Boiler heat balance, *see 
Steam generators 
Boiler heat transfer, 141 
Boiler horsepower, 13 C 
Bomb calorimeter, 128 
Bonds, 6 

Brake horsepower, 68 
Buildings, power plant, 273 
Burners, fuel oil, 221 
gas, 221 

pulverized coal, 2^9 

C 

Calorineter, bomb, 128 
gas, 128 

Capacity factor, 19 
Carnot cycle, 45 
Carryover, boiler, 219 
evaporator, 218 
Caustic embrittlement, 218 
Centrifugal punps, see Pumps 
Chair grate stokers, 225 
Chimneys, -see Stacks 
Cinder trap, 233 
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Circulating water pump, >se;e 
Pumps 

Closed heaters, 66, 101 
design, 103 
heat transfer, 102 
water velocity in tubes, 

102 

Coal, analysis, 117 
calorimeter, 128 
classification, 117 
heating value, 126 
proximate analysis, 117 
ultimate analysis, 117- 

Coal handling, pulverizer 
system, 223 
stoker system, 224 
storage system, 222 

Collectors, dust, bag type, 
234 

centrifugal, 233 
electrostatic, 233 
wet scrubber, 234 

Combustible, basis for anal- 
ysis, 126 

Combustion, coal, 120 
fuel oil, 120 
gas, 121 

Combustion controls, automat- 
ic, 256 

Common stocks, 6 

Compression ratio, Diesel 
engine, 290 

Condensate pump, ^see Pumps 

Condensers, 89 
design, 97 
friction, tube, 188 
water boxes, 188 
heat transfer, 93 
mixing, barometric, 89 
jet, 89 
surface, 90 

Conductivity, electrolytic, 
258 

thermal, gas film, 160 
insulation, 151, 194 
metals, 95 
refractories, 151 
scale, 95 

vapor film, 94, 160 
water film, 95 


Construction costs, power 
plant, 29 
index, 29 

Cooling ponds, 107 
Cooling towers, forced draft, 
108 

induced draft, 108 
Corrosion, boiler, 218 
Correction, for engine eff- 
iciency, 79 
Costs, collection, 34 

distribution system, pri- 
mary, 28 
secondary, 34 
engines, 71 
index, 28 
maintenance, 33 
power plants, 28 
steam generators, 141 
turbo-generators, 79 
Cotterill, 52 
Counterflow engine, 67 
Curt is , C . G . , 73 
Customer element, 33 
Cutoff, steam engine, 69 
Cycle, binary vapor, 63 
Carnot, 45 
Diesel, 289 
Field, 56 
gas turbine, 303 
Rankine, 46 
closed, 46 
open, 47 

regenerative, 52 
reheating, 50 

reheating-regenerative, 56 
superposed, 59 
topping, see superposed 
Cyclone burner, horizontal, 
coal, 229 

D 

Dams, types, 295 
Deaerators, see Open heaters 
DeLaval, 73 
Demand factor, 8 
table, 9 

Depreciation, 3C 
Design, station, 265 
Diagram factor, engine, 70 
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Diesel cycle, 289 
Diesel engines, auxiliaries, 
292 

four-stroke, 287 
fuel injectors, 287 
scavenging, 286 
supercharging, 291 
two-stroke, 286 
Diesel, Rudolph, 286 
Distribution system, primary, 

4 

secondary, 4 
Diversity factor, 8 
table of, 9 
Division of load, 281 
Draft, fans, forced, 242 
induced, 242 
losses, air heater, 242 
burner, 243 
duct-work, 191 
economizers, 244 
fuel beds, 243 
steam generators, 242 
Drainage, heater, 102 
Drips, heater, S9€ Drainage, 
heater 

Duct-work, design, 190 
draft losses, 191 
insulation, 194 
Duration curve, river flow, 

297 

load, 14 

Dust collectors, bag type, 

234 

centrifugal, 233 
electrostatic, 233 
wet scrubber, 234 

E 

Economics, insulation thick- 
ness, 196 
load division, 280 
power production, 25 
surface apportionment, 
steam generators, 169 
Economizers, arrangement, 163 
econonical surface, 169 
heat transfer, 164 
Edison, Thomas, 1 
Efficiency, boiler, see Steam 
generator efficiency 


Efficiency, engine, inter- 
nal, 49 

overall, 60 

steam engines, 73 
steam turbines, 75 
generator, 80 
mechanical, Diesel en- 
gines, 29l 

hydraulic turbines, 299 
steam engines, 67 
steam turbines, 75, 80 
thermal, Diesel cycle, 291 
gas turbine cycle, 303 
vapor ‘cycles, 46 et >seq. 
Ejector, air, 105 
Embrittlement, caustic, 218 
Enclosed plant, 274 
Energy element, 32 
Engines, Diesel, 286, 287 
steam, cost, 71 
counterflow, 67 
cutoff, 69 
diagram factor, 70 
engine efficiency, 68 
indicator, 67 
mechanical efficiency, 

67 

uniflow, 67 

Equipment, determination of 
size, 20 

Equivalent length, pipe fit- 
tings, 178 
duct bends, 191 
Evaporators, location in 
vapor cycle, 1C9 
long tube, forced circu- 
lation, 110 

natural circulation,* IIC 
multiple effect, 110 
shell and tube, 110 
Excess air, 120 
Expansion lines, 82 
Expansion ratio, steam-en- 
gine, 69 

Extraction, see Regenerative 
eye le 

F 

Factors, capacity, 19 
demand, 8 
diversity, 8 
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Factors, friction, 178 
load, 19 
use, 19 

Fans, characteristics, 236 
laws, 236 
speeds, 240 
types, 236 
Federal utility, 7 
Feed— water hardness, residu- 
al after treatnient, 212 
Feedf-water heaters, closed, 
55, ICl 
open, 53, 100 

Feed-water treatnient, cold 
lime and alum process, 211 
cold liire-scda and alum 
process, 211 

hot lime-soda process, 212 
objectives, 218 
zeolite processes, 215 
Ferranti, 50 
Field cycle, 56 
Field, J. F. 

Fire-tube boilers, 138 
Fixed carbon, ^see Coal, prox- 
imate analysis 
Fixed element, 27 
Flue gas analysis, 128 
Fluid meters, 258 
Flyash, 233 
Franchise, 26 
Friction factor, 178 
Fuel bed resistance, 243 
Fuel handling equipment, 221 
coal, 222 
fuel oil, 221 
gas, 221 

see also specific equipment 
Fuel oil, analyses, 117 
calorimeter, 128 
heating value, 127 
Furnaces, bottoms, fuel oil, 
231 

gas, 231 

pulverized coal, 231 
heat release, 147 
walls, air-cooled, 153 
insulated, 151 
water-cooled, 146 
Fusion temperature of ash, 

146 


G 

Gages, pressure, 249 
Gas, flue, analysis, 128 
fuel, analyses, 117 
calorimeter, 128 
heating value, 127 
Gas turbine cycles, 3 C3 
closed, 305 
open, 303 

Generator efficiency, 80 
Governors, speed, 252 
Grates, dumping, 225 
travelling, 225 

H 

"Hardness of water, 21C 
Head, dynamdc, 203 
fan, 239 
friction, 178 
pressure, 203 
pump, 203 
static, 203 
velocity, 203 

Heat balance, Diesel engine, 
291 

steam generator, 131 
Feat conductivity, see Con- 
ductivity, thermal 
Feat transfer, air heaters, 
166 

boilers, 141 

coefficients, steam gener- 
ator components, 172 
condensers, 93, 99 
economizers, 164 
feed-water heaters, lOl 
furnaces, 146 
superheaters, 157 
Heaters, closed, 55, ICl 
deaerating, 100 
volume, ICO 
drainage, 102 
heat transfer, ICl 
open, 53, 100 
terminal difference, lOl 
venting, 103 

Heating surface, apportion- 
ment of, 169 

Heating value, fuel, higher, 
126 

lower, 126 
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Historical background of 
power, 1 

Folding company, 6 
Horizontel cyclone burner, 
229 

Horsepower, air, 239 
boiler, 130 
brake, 

indicated, 49, 68 
water, 203 

Hot lime-soda process, 212 
Kotwell, condenser, 97 
heater, 102 

Hydraulic turbires, Francis, 
2 99 

impulse, 299 
Kaplan, 299 
Nagler, 299 
Felton, 299 
reaction, 299 

Hydro-electric plants, run- 
of-river, 295 
storage, 295 
Hydrogen zeolite, 217 
Hydrograph, river, 297 
Hypothetical combinations, 
salts, 213 

I 

Iirpu Ise— react ion turbires, 
steam, 75 

Impulse turbines, hydro, 299 
steam, 73 

Income, power plant, 25 
Incremental rate theory, 280 
applications of, 282 
Index, cost, 28 
Indicated horsepower, 49, 68 
Indicator, engine, 49, 67 
Indicator diagram, Diesel 
engine, 287 
steam engine', 69 
Injector, fuel, Diesel en- 
gine, 287 

Installed capacity, power 
plants in U.8., 1 
Instruments, supervisory and 
control, 249 
Insulation, duct, 194 

economical thickness, 196 


Insulation, furnace, 151 
pipe, 194 
Insurance, 30 
Investors' profit, 34 
Investment, distribution 
system, primary, 28 
secondary, 34 
plant, 28 

J 

Jet condenser, >see Condenser 
K 

Kitteredge, A. E., 103 
L 

Level control, fluid, 253 
Life expectancy, power plant 
components, 30 
Lime and alum process, 211 
Lime- soda process, hot, 212 
Lime-soda and alum process, 

211 

Load curves, daily, 9 
duration, 14 
growth, 13 

extension of, 24 
peak, 13 
Load factor, 19 
Logarithmic mean temperature 
difference, condersirg vapors, 
96 

counterflow, 157 
parallel flow, 159 
Losses, friction, ducts, 191 
pipe, 178 

pipe fittings, 178 
radiation, steam generators, 
134 

furnace walls, 151 
Lubricating oil, economy, 

Diesel engines, 291 
steam turbines, 33. 

M 

Maintenance, 33 
capitalized, 32 
Management, cost of, 32 
Mass flow, gases, 144 
river, 297 
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Maximum demand, 19 
Mean effective pressure, en- 
gine, 68 

Mean temperature difference, 
arithmetic, 96 
logarithmic, see Logar- 
ithmic mean temperature 
d if fere nee 

Mechanical efficiency, Diesel 
engines, 291 
hydraulic turbines, 299 
steam engines, 67 
steam turbines, 75, 80 
Mercury-steam binary vapor 
cycle, 63 

Mercury vapor, Mollier dia- 
gram, 65 

Mills, coal pulverizing, 'see 
Pulverizers 

Mixing condensers, baromet- 
ric, 89 
jet, 89 

Mixing heaters, see Heaters, 
open 

Mollier diagram, mercury vapor, 
65 

steaJT, 338 

Municipal utility, 6 

N 

Natural draft, 246 
Natural gas, analyses, 117 
combustion, 121 
Net assured capacity, 24 
Newcomen, 67 

Nusselt’s equations, 95, 160 

0 

Oil, fuel, see Fuel oil 
Open heater, 53, 100 
Orsat flue gas analysis app- 
aratus, 128 
Outdoor plant, 273 
Overfeed stoker, 224 

P 

Paper mill chemical recovery 
boiler, 233 
Parsons, C. A., 73 
Pearl Street Station, 1 


Permanent hardness, water, 

210 

Petroleum, see Fuel oil 
pH, boiler water, 216 
controllers, 258 
Phosphates, 219 
Piping, 176 
fittings, 178 

equivalent lengths, 178 
friction, 178 
insulation, 194 
pressure drop, 178 
schedule number, 176 
size determination, 175 
Piston speed, steam engine, 

70 

Plant buildings, enclosed, 

274 

outdoor, 273 
semi-outdoor, 273 
Ponds, cooling, 107 
Power, Diesel, 3 
gas turbine, 303 
hydro, 3 
steam, 1 

Power plants, buildings, 273 
construction, 274 
design, 273 

Preferred standards, steam 
turb 0— ge nerat ors , 76 
Pressure compounded impulse 
steam turbine, 73 
Pressure gages, 249 
Pressure head, 203 
Primary air, 228 
Private utility, 6 
Production costs, 27 
Products of combustion, 128 
Profit element, 34 
Proximate analysis, coal, 117 
Public utilities, 5, 25 
Public Utilities Holding Com- 
pany Act, 6 

Pulverized coal, firing sys- 
tems, 223 

furnace bottoms, 231 
Pulverizers, coal, 228 
power requirements, 228 
Pumps, centrifugal, 200 
boiler feed, 205 
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Pumps, centrifugal, circu- 
lating water, 206 
condensate, «.C5 
efficiencies, 204 
general purpose, 205 
laws of similarity, 205 
performance character- 
istics, 206 
speeds, 205 

duplex steam driven, 200 
gear, 200 

multiplex plunger, 200 
screw, 200 
turbine, 200 
Purifiers, steam, 219 

C 

Quality of steam at end of 
expansion, 63 

R 

Radiation coefficients, 151 
Radiation losses, steam gen- 
erator, 134 
Calculation of, 151 
Pankine,W, J. M., 46 
Rankine cycle, 46 

efficiency ratio, 49 
ratio, 49 
Rateau, 73 
Rates, steam, 49 
requirements, 27 
types, 34 

Ratio of expansion, steam 
engine, 69 

Reaction turbines, hydro, 299 
steam, 73 

Reciprocating pumps, 2C0 
Refractories, 151 
Refrigeration, hotwell, con- 
denser, 97 

heater, 102 

Regenerative cycle, 52 
extraction, 62 
feed-water temperatures, 52 
Regulators, feed-water, 254 
Reheaters, 50, 163 
Reheating cycle, 50 
Reheating-regenerative cycle, 
56 


Reserve, spinning, 21 
standby, 21 

Resin, acid adsorbing, 218 
Retirement reserve, 30 
Revenue certificates, 6 
Reynolds' number, 178 
Reynolds, R. L., 52 
Room rate, 35 
Rotating pumps, 200 

S 

Scale, boiler, 210, 219 
condenser tube, 95 
Scales, coal weighing, 223 
Scavenging pumps, Diesel 
engines, 291 

Schedule number, pipe, 176 
Secondary air, 229 
Selection of number and size 
of units, 20 
Semi-cutdoor plant, 273 
Sinking fund for bond re- 
tirement, 30 
Slagging, furnace, 148 
superheater, 16C 
Sodium zeolite, 216 
Speed control, 252 
Spinning reserve, 21 
Spray ponds, 107 
Spreader stoker, 225 
Stacks, design, 246 
draft produced, 246 
Standby reserve, 21 
Static head, 203 
Station design, 265 
Steam engines, see Engines 
Steam generators, 130 
convection surface, 141 
cost of, 141 
efficiency, 130 
fire-tube, 138 
heat balance, 131 
heat transfer, see specify 
i c component 
radiant surface, 148 
water-tube, 138 
Steam, jet air pump, capacity, 
105 

characteristics, 105 
Stef an-Boltzman relation, 151 
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Stocks^ common^ 6 
Stokers, coal, chain grate, 

225 

overfeed, 224 
spreader, 225 
travelling grate, 225 
underfeed, 225 
fuel burning rate, 225 
Superheaters, 156 
convection, 156 
heat transfer, 157 
radiant, 157 

temperature control, 156 
Superposed cycle, 59 
Surface condenser, ■s’e« Con- 
denser 

Surface, heating, apportion- 
ment of, 169 

Surge tanks, hydro plant, 299 
steam plant, 101 
Systems, power, 4 

T 

Tanks, surge, hydro plant, 299 
steam plant, ICl 
Taxes, ad valorem, 26, 29 
income, 34 

Temperature difference, mean, 
•see Mean temperature differ- 
ence 

Temporary hardness, water, 21C 
Terminal difference, condenser, 
97 

heater, 101 

Thermal conductivity, see Con- 
ductivity, thermal 
Thermal efficiency, see sped)-- 
ic cycle 

Thermometers, 249 
Topping turbines, -see Super- 
posed cycle 
Total air, 120 

Towers, cooling, forced draft, 
108 

induced draft, 108 
Transmission systems, 4 
Treatment, water, 210 
Tubes, condenser, 96 
Turbines, hydro, 298 
impulse, 299 


Turbines, hydro, reaction, 

299 

governing, 252 
impulse, hydro, 299 
steam, 73 

impulse-reaction, steam, 

7 5 

reaction, hydro, 299 
steam, 73 

steam, engine efficiency, 

75 

large condensing, 79 
mechanical drive, 75 
small condensing, 76 
small non-ccrdens ing , 

76 

superposed, 59 
topping, *see superposed 
Turbo-generators, preferred 
standards, 76 
cost of, 79 
TVA, 3. 

U 

Ultimate analysis, fuel, 'see 

Underfeed stoker, 225 
Uniflow engine, 67 
United States, cost and use of 
domestic electric service, 

25 

e-lectrical production, 1 
heat rate of power plants, 

installed capacity, 1 
standard of living, 1 
Use factor, 19 
Useful life of power plant 
components, 30 
Utility organi7ation, 5 

Y 

Vacuum, engine efficiency 
correction for, 79 
Vacuum pumps, 105 
Valves, steam engine, 67 
Valves, power plant, 178 
Vapor power cycles, 45 
Variable load element, 33 
Velocity compounded iirpulse 
steam turbine, 73 
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Velocity, duct, 19C 
pipe, 175 

tube, condenser, 95 
heater, 102 
Viscosity, gases, 191 
petroleum oils, 178 
steam, 178 
water, 178 

Volatile matter in fuels, 
•see Fuels, analysis 
Volume, furnace, 148 

open feed-water heaters, 
100 

W 

Wajfls, furnace, air-cooled, 
153 


Walls, furnace, insulated, 
151 

water-cooled, 146 
Water, boiler, 218 
treatment, 310 
horsepower, 203 
Water-tube boilers, 138 
Watt, 67 

Work relations, fans, 239 
pumps, 203 

Z 

Zeolite, hydrogen, 217 
sodium, 216 

softening processes, 215 








